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PREFACE 


This report presents the results of a study to determine weight 
estimating relationships and recurring production cost estimating rela- 
tionships for helicopters at tha system level. This study was sponsored 
by the National Aeronautics and Space Administration under contract 
number NAS2-8703, Hr. Joseph L. Anderson monitored the study for the 
V/STOL Systems Office of the V/STOI, Aircraft Technology Division, Ames 
Research Center. Work was performed at two separate intervals, between 
February and October, 1977, and between December, 1978, and January, 

1980, by the Economic Analysis Division of Science Applications, Inc. 
(SAI). 
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EXECUTIVE SUMMARY 


This report presents the results of a NASA-sponsored study to develop 
weight estimating relationships (WERs) and recurring production cost esti- 
mating relationships (CERs) for helicopters at the system level. The sys- 
tems considered in this report correspond to the standard weight groups 
defined in Military Standard 1374A. They ares 

Wing Propulsion 

Rotor Flight Controls 

Tail Auxiliary Power 

Body Instruments 

Alighting Gear Hydraulics 

Nacelle Pneumatics 

These systems make up a complete helicopter. 

The WERs estimate system level weight based on performance or design 
characteristics which are available during concept formulation or the pre- 
liminary design phase. 

The CER (or CERs in some ca^es) for each system utilize weight (either 
actual or estimated using the appropriate WER) and production quantity as 
the key parameters. The CERs provide a very useful tool for making prelim- 
inary estimates of the recurring production cost of a helicopter. Although 
the CERs are based on current technology, any systems which involve new designs 
and technologies* should be analyzed in greater detail using the CER based on 
current technology as a point of departure. 

The weight estimating relationships were developed by performing var- 
ious statistical analyses, including regressions on design and performance 


* It is unlikely that a helicopter which utilizes new technologies for every 
system will be designed or produced in the foreseeable future. Rather, 
future helicopters will probably be derivatives of current ones. There- 
fore, many of the CERs provided will be appropriate for estimating the 
costs of future helicopter designs. 


Electrical 

Avionics 

Furnishings and Equipment 
Air Conditioning 
Anti-Icing 
Load and Handling 
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characteristics and system (or subsystem) level weights for a wide variety 
of helicopters. Our data bank Included over seventy helicopters, both 
military and commercial, with manufacturer’s empty weights ranging from 
about 1,000 to over 30,000 pounds. After these data were adjusted to exclude 
more than one model of each helicopter type and, thereby, avoid biasing the 
WERs obtained, thirty different helicopters were represented. 

The discussion provided for each system level WER notes alternative 

independent variables which were considered and provides coefficients of 
2 

determination (r ). Detailed weight data, design and performance data are 
also included. 

Detailed cost data were available for only some helicopter systems. 
These data were regressed against corresponding weights to develop CERs. 

In order to develop cost estimating relationships for systems for which 
costs were not reported, novel methods and sources were used. One such 
source was helicopter industry subcontractors with extensive experience 
in supplying major components and subassemblies. They were contacted and 
interviewed. The general cost information which they provided on major 
components and subassemblies was then aggregated by system according to 
the proportion of total system weight. Also, cost data provided in our 
previous report ^ for transport aircraft systems were used as a cross 
check or as a primary source where research indicated that this was appro- 
priate. 

Since the cost data varied substantially in terms of quality, con- 
fidence values were developed for each CER based on an evaluation of its 
data sources. Thus, anyone using the CERs has a basis for determining which 
ones he should be most confident of and which he might want to confirm or 
augment by using other data sources (such as company proprietary information) 
to which he might have access. 

In summary, this report provides weight estimating relationships and 
cost estimating relationships for each helicopter system. Together, these 


* Numbers in parentheses correspond to the document of the same number 
cited in the References. 
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enable recurring production costa to be estimated based on Information 
available during concept formulation or the preliminary design phase. 
Because they are at the system level, selected WERs and CERs may be mod- 
ified to reflect new designs or technologies and the sensitivity of total 
weight and cost to them may be evaluated* 

In order to facilitate the use of the WERs and CERs, the number of 
independent variables included in them has deliberately been kept as small 
as would be consistent with reasonable accuracy.* At later stages of 
design, accuracy nny be improved through the use of more complex, computer- 
based models such a3 those developed by helicopter manufacturers for in- 
house use.** 


* Specifically, only twelve independent variables are included in t*'.e WERs, 
while the CERs are a function of only weight and quantity. 

** For example, a set of WERs developed and used by one manufacturer included 
over 150 independent variables. 
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SECTION I 
INTRODUCTION 
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Figure l.i 
HELICOPTER SYSTEMS* 


I* Wing 
2. Rotor 
3* Tall 

A. Tail Rotor 

B. Tail Structure 
4 , Body 

5* Alighting Gear 

6. Nacelle 

7 . Propulsion 

A* Powerplant 
R* Drive 

C. Fuel 

S« Flight Controls (Less Autopilot) 
9* Auxiliary Power 
10. Instruments 
11* Hydraulics 

12. Pneumatics 

13. Electrical 

14. Avionics (Including Autopilot) 

15. Furnishings and Equipment 

16. Air Conditioning 

17. Ai ti- Icing 

18. Load and Handling 

Manufacturer’s* Empty Weight ( iEW) 


* 


These svst 

in Mil 1 1 a r 
hydraulics 


ems correspond exactly to the standard weight groups defined 
y Standard 1374A, except that the Military Standard co Une*> 
and pneumatics into one standard weight group. 
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B. 


BACKGROUND 


Early weight estimating relationships for aircraft assumed Chat sub- 
sequent or future aircraft would be much like their predecessors, possibly 
only larger or with more engines. These early relationships estimated in 
a gross way the manufactured weight of the aircraft less its engines. Many 
adjustments were required to make these simple relationships agree with the 
planned design of the new aircraft. 

A similar sltu.it ion existed with respect to cost estimating relation- 
ships. In the mid-1960s, the military became concerned with the cost of 
their weapon systcus. As a result, their planners had to develop methods 
to estimate the cysts of new systems. In 1964, the Planning Research Cor- 
poration published the first cost estimating relationships for military 
aircraft. The Rand Corporation has continued this to the present. The 
Rand Corporation has included RDT1E airframe, engines, and some weaponry 
in its cost estimating relationships. These relationships are based on past 
aircraft purchases and provide cost estimates at the total airframe level. 

In assessing and prioritizing its aeronautical research programs, the 
NASA found that the Rand methods were not wholly satisfactory because it 
was necessary to make many detailed calculations and perform much analysis 
outside of the model to account for the incorporation of any n-w technol- 
ogies. 

Manufacturers ha'-e usually relied upon defiled industrial engineering 
estimates at the component level. To do this, the estimator specifies each 
engineering task, tool requirement and production operation based upon a set 
of detailed drawings. When ordinary operations and equipment will be re- 
quired, standard cost factors are applied. If new techniques are to be used, 
cost factors must be developed. Industrial engineering estimates require an 
extraordinary amount of time and manpower and, because of this and their 
limited accuracy, they are not warranted for preliminary design purposes. 

Hie NASA recognized the n-.ed to develop a cost model at the sys- 
tem level which would enable consideration of the costs of alternative 
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designs with a fraction of the manpower required by the industrial engi- 
neering approach. Science Applications, Inc. (SAI) was given a contract 
to develop ouch a model. This effort was initially devoted to military 
and commercial transport aircraft. A model was developed which estimates 
the recurring production cost of existing transport aircraft within ten 
percent of their actual cost. This model is documented in NASA CR 151970, 
Parametric St udy of Transport Aircraft Systems Cost and Weig ht. ( 1 ) 

The NASA recognized the need for a similar capability to estimate 
the recurring production cost of helicopters at the system level. Since 
SAI was experienced in successfully developing such a methodology for trans- 
port aircraft and had developed an extensive cost data base for helicopters, (2> 
it was selected by the NASA to perform this study. 

C. ORGANIZATION OF REPORT 

The assumptions, analytical approach and methodology used in this 
study ate discussed in Sections 2 and 3, for weight and cost respectively, 
and the complete sets of WERs and CERs developed are provided therein. 

Th- WERs and CERs developed for each system or subsystem are examined and 
discussed in detail in Sections 4 and 5. 

4 
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SECTION 2 


SUMMARY OF WEIGHT ANALYSIS AND METHODOLOGY 

Weight and technical data were collected for over 70 military and com- 
mercial helicopter types and models. These data were screened to establish 
a representative group of 30 helicopters from which weight estimating rela- 
tionships (WERs) were developed for the 18 systems presented in Figure 1*1. 
The objective of and methodology used to accomplish this part of the study 
are discussed below. Then, summary information and system level weight data 
are presented for the helicopters included in the data banks* Next, the 
WERs are presented in summary fora* Finally, example applications of the 
WERs are provided. Relevant technical information and the specific data and 
methodology used in developing each WER are discussed in detail in Section 4. 

A. OBJECTIVE AND METHODOLOGY 

As noted earlier, the primary objective of this study was to develop 
rapid and easy means for estimating recurring production costs for helicop- 
ters at the system level. Cost has been found to correlate very well with 
weight. However, actual weights are obviously not available during the 
conceptual design phase. Therefore, reliable WERs for system level weights 
which would be compatible with the system and subsystem breakdown of the 
CERs were required. 

Weight, performance and design data were collected for nearly 50 dif- 
ferent helicopter models, comprising more than 70 types. The primary source 
for these data was information developed by AAVSCOM. However, these data 
were augmented with information from Janets All the World's Aircraft , DMS 
Marke t Intelligence Reports , and manufacturers 1 weight statements, as appro- 
priate. 


Determ ination of Data base and Validity of Data Points 

From our initial data bank of 70 helicopters, some were deleted in order 
to create a more representative sample and to reduce bias. These adjustments 
were made for the following reasons: 


2-1 


• All experimental (paper) designs were eliminated from the 
sample (although prototypes were included) as it wa3 felt 
they might not be representative of existing technologies 
or designs, 

• Duplications of a basic helicopter model may cause regression 
bias in an equation. This is especially true for larger models. 
In such cases, the most "representative" model included in 
the data base. For example, the data included the UH-1B, UH-1C, 
UH-lE, UH-iF, UH-1H and UH-1N, yet only the UH-1H was incorpo- 
rated incur sample, (The UH-2B and -2D are an exception, since 
the weights of their systems are almost completely different and 
the MEW for the UH-2D is about 19 percent greater than that of 
the U1I-2B), On the other hand, when two different types of the 
same helicopter model employed obviously different designs or 
technologies, both were included* For example, the UH-1N was 
used in addition to the UH-IH for the nacelle system, since 
they had different numbers of engines, 

• Data may be missing or unreliable. For example, smaller nacelles 
usually had no defined surface area (due to their location in the 
fuselage). Therefore, they were not included in deriving the 
weight estimating relationship, 

• Data points may be significantly above or below the general trend 
line for unknown reasons. Complex statistical procedures were 
applied to confirm suspect data points as "outliers" and to 
justify their exclusion. If the reason for an "outlier" even- 
tually became known, it was included in the weight estimating 
relationship by use of a "dummy variable." 

• Data for extraordinarily large helicopters often resulted in some 
unusually high correlations and/or sudden shifts in slope. For 
example, in the fuel system, the inclusion of data points for 
models with design gross weight greater than 100,000 pounds 
caused the coefficient of determination to increase from ,77 to 
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.95, even though the effect on the slope was small. Typically, 
however, for most estimating relationships, system weights for' 
large models cause significant changes in slope as well as In 
correlation. Weight estimating relationships which Include 
large helicopters usually have large negative intercepts as 
well as steeper slopes, which might result in negative weight 
estimates for small models. Therefore, such data points were 
excluded from the sample. 

The helicopter models which are included in our basic sample are listed 
in Table 2.1, together with information on the manufacturer, common name, 
primary user, mission, manufacturer's empty weight (MEW), design gross weight 

(W g ), and takeoff gross weight (TOGW). System level weights, which sum to 
MEW, are presented in Table 2.2. 

For individual systems, the basic sample was augmented with other data 
as appropriate. Wien this was done, relevant information is included In the 
detailed weight analyses in Section 4. 


Fojnmi l^tion of Weight Estimating Relationships 

The system level weights were examined to determine their relationship 
with various design and/or performance characteristics which should be avail- 
able early In the design phase. Twelve characteristics are used In the equa- 
tions. They are listed in Table 2.3, together with the approximate percent- 
age of manufacturer's empty weight which they estimate. Four of these char- 
acteristics estimate about 88 percent of MEW. As shown, design gross weight 
is a key variable. It is equal to manufacturer's planned empty weight plus 
useful load. It correlates very well with takeoff gross weight (differences 
can be explained as planned vs. actual). However, design gross weight was 

used instead of takeoff gross weight because it is established during the 
preliminary design phase. 

WERs were developed by determining the relationship between weight and 
one or more design or performance characteristics. The WERs provided are 
typically characterized by a slope and an intercept which have been statis- 
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Table 2.1 

SUMMARY OF HELICOPTER WEIGHT DATA BASE 


HELICOPTER MANUFAC- 


MODEL 

TURER 

COMMON NAME 

MISSION 

PRIMARY USER 

MEW 

w 

g 

TOCW 

269A 

Hughes 




985 

1,600 

1,582 

OH-oA 

Hughes 

Cayuse 

Light observation 
helicopter 

U.S. Army 

1,202 

2,400 

2,400 

TH-57A 

Bell 

Kiova-Sea Ranger 

Observation, recon- 
naissance, fire sup- 

U.S. Navy 

1,535 

2,900 

2,555 




port, utility, train! 

ng 




OH-5 8 A 

Bell 

Kiowa 

Light observation 
helicopter 

U.S. Army 

1,545 

3,000 

3,000 

OH-2 Ik; 

Hiller 




1,905 

2,800 

2,620 

OH-13S 

Bell 


Scout helicopter 

U.S* Army 

1,926 

2,850 

2,850 

BO 105 

Vertol 

Executive 

Executive transport 

Commercial 

2,342 

4,630 

4,569 

286 

Lockheed 




2,981 

4,700 

4,700 

UH-1H 

Bell 

Iroquois 

General purpose. 

U.S. Army 

5,235 

6,600 

6,654 




Assault/ transport 

U*S* Air Force 




H-52A 

Sikorsky 


Prototype — never 
produced 


5,585 

7,500 

8,308 

UH-19D 

Sikorsky 


Troop movement/ 

U.S. Army 

5,831 

7,100 

7.2C0 




medical evacuation 

U.S. Air Force 




UH-2B 

Kaman 

Seasprite 


U.S. Navy 

5,909 

7,378 

8,362 





r 
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Table 2.1 (Continued) 


SUMMARY OF HELICOPTER WEIGHT DATA BASE 


HELICOPTER MANUFAC- 


MODEL 

TURER 

COMMON NAME 

MISSION 

PRIMARY USER 

MEW 

w 

Tor'll 

AH-16C 

Bell 




6,913 

ft 

10,000 

1 VA>W 

N/A 

UH-2D 

Kama n 

Seasprite 

Utility helicopter 

U.S* Navy 

7,633 

10,187 

N/A 

YAH-64 

Hughes 


Advanced attack 
helicopter (AAH) 

U.S* Army 

7,848 

13,950 

13,200 

CH-34A 

Sikorsky 


Anti-submarine war- U.S. Marine Corps 
fare (ASW) (Marines) , u.S. Army 
general purpose (Army) 

7,803 

11,867 

12,797 

CH-21C 

Vertol 


Transport 

U.S* Air Force 

9,158 

13,300 

13,301 

YUH-63 

Bell 


AAH 

U.S. Army 

9,729 

15,645 

14,954 

YUH-61A 

. Vertol 


Utility tactical 
transport aircraft 
system (UTTAS) 

U.S. Amy 

9,826 

15,313 

15,105 

YUH-60A 

Sikorsky 


UTTAS 

U.S. Army 

10,222 

16,250 

15,850 

SK-3A 

Sikorsky 

Sea King 

ASW 

U.S. Navy 

11,459 

18,064 

18,060 

S-67 

AH-56A 

Sikorsky 

Lockheed 

Blackhawk 

High speed attack 
helicopter 

Private-venture 

11,752 

12,077 

17.300 

18.300 

19,589 

18,265 

CH-46F 

Vertol 

Sea Knight 

Cargo transport 

U.S. Navy 

U.S. Marine Corps 

13,313 

20,800 

20,284 
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Table 2.1 (Continued) 


SUMMARY OF HELICOPTER WEIGHT DATA BASE 


HELICOPTER MANUFAC- 


MODEL 

TURER 

COMMON NAME 

mission 

PRIMARY USER 

MEW 

w 


CH-47A 

Vertol 

Chinook 

All-wea ther , medium 
transport 

U.S. Army 

17,752 

8 

33,000 

33,001 

CH-54A 

Sikorsky 

Tarhe 

Heavy lift 

U.S. Army 

19,192 

38,000 

38,733 

CH-37A 

Sikorsky 




21,238 

30,342 

31,000 

YH-16A 

Vertol 


Pro to type — never 
produced 


22,655 

34,000 

34,001 

CH-53A 

Sikorsky 

Sea Stallion 


U.S. Navy 

23,097 

33,500 

35,728 

347 

Vertol 


Prototype— never 
produced 


24,797 

42,500 

42,500 


Table 2.2 

HELICOPTER SYSTEM WEIGHT SUMMARY 


MODEL 

WING 

W 1 

ROTOR 

W 

2 

BLADE 

ASSEMBLY 

W 2A 

HUB & 
HINGE 

W 2B 


TAIL 

W 3 

ROTOR 

W 3A 

STRUCTI 

W 3B 

269A 


( 

115 

) 

66 

49 

( 

9 ) 

5 

4 

0H-6A 


( 

174 

) 

109 

65 

( 

23 ) 

7 

16 

TH-57A 


( 

277 

) 

187 

90 

( 

34 ) 

8 

26 

OH-58A 


( 

281 

) 

190 

91 

( 

32 ) 

10 

22 

OH-23G 


( 

311 

) 

163 

148 

( 

21 ) 

17 

4 

0H-13S 


( 

284 

) 

182 

102 

( 

17 ) 

8 

9 

BO 105 


( 

462 

) 

264 

198 

( 

56 ) 

22 

34 

286 


< 

726 

) 

427 

299 

( 

69 ) 

29 

40 

UH-1H 


( 

742 

) 

406 

336 

( 

84 ) 

30 

54 

H-52A 


< 

785 

) 

425 

360 

( 

106 ) 

53 

53 

UH-19D 


( 

786 

) 

422 

364 

( 

101 ) 

60 

41 

UH-2B 


(i 

,329 

) 

720 

609 

( 

96 ) 

68 

28 

AH-16C 

240 

(i 

,400 

) 

675 

725 

( 

151 ) 

73 

78 

UH-2D 


(i 

,325 

) 

720 

605 

( 

216 ) 

104 

112 

YAH-64 

252 

(i 

,207 

) 

664 

543 

( 

237 ) 

85 

152 

CH-34A 


(i 

,313 

) 

652 

661 

( 

260 ) 

74 

186 

CH-21C 


(i 

,344 

) 

678 

666 

( 

162 ) 


162 

YUH-63 

349 

(i 

,656 

) 

979 

677 

( 

184 ) 

84 

100 

YUH-61A 


(i 

,645 

) 

1,052 

593 

( 

344 ) 

76 

268 

YUH-60A 


(i 

,705 

) 

809 

896 

( 

346 ) 

105 

241 

SH-3A 


(2 

,328 

)+ 

1,012 

1,316 

( 

222 ) 

99 

123 

S-67 

453 

(2 

,348 

) 

1,039 

1,309 

( 

468 ) 

103 

365 

AH-56A 

539 

(2 

,812 

)* 

1,239 

1,133 

( 

287 ) 

130 

157 

CH-46F 


(2 

,424 

)+ 

918 

1,506 





CH-47A 


(2 

,996 

) 

1,610 

1,386 





CH-54A 


(4 

,052 

) 

2,115 

1,937 

( 

519 ) 

360 

159 

CH-37A 

621 

(3 

,251 

) 

1,749 

1,502 

( 

570 ) 

345 

225 

Y11-16A 


(4 

,536 

) 

2,198 

2,338 

( 

133 ) 


133 

CH-53A 


(4 

,489 

)+ 

2,120 

2,369 

( 

673 ) 

367 

306 

347 


(5 

,054 

) 

2,740 

2,314 





TOTAL 

2,454 

(52 

,157 

)* 

26,530 

25,187 

(5, 

,420 ) 

2,322 

3,098 

%MEW 

0.9 

(18.4 

)* 

9.4 

8.9 

( 

1.9 ) 

0.8 

i.l 


* Includes propeller - 440 pounds, 
t Includes blade folding apparatus. 
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Table 2.2 (Continued) 
HELICOPTER SYSTEM WEIGHT SUMMARY 


BODY 


MODEL 

W 4 

269A 

125 

OH- 6 A 

242 

TH-57A 

335 

OH-58A 

332 

OH-23G 

248 

OH-13S 

221 

B0105 

472 

286 

496 

UH-1H 

1,035 

H-52A 

1,263 

UH-19D 

985 

UH-2B 

1,259 

AH-16C 

1,327 

UH-2D 

1,394 

YAH- 64 

1,311 

CH-34A 

1,044 

CH-21C 

1,884 

YUH-63 

1,726 

YUH-61A 

1,648 

YUH-60A 

1,729 

SH-3A 

2,009 

S-67 

1,695 

AH-56A 

1,872 

CH-46F 

3,126 

CH-47A 

4,487 

CH-54A 

2,685 

CH-37A 

3,247 

YH-16A 

5,424 

CH-53A 

5,260 

347 

6,259 


ALIGHTING 


GEAR 

W 

W 5 

NACELLE 

W 6 

53 

7 

70 

8 

45 

32 

35 

36 

88 

79 

54 

37 

94 

25 

142 

12 

121 

114 

485 

63 

287 

147 

343 

161 

134 

180 

424 

371 

396 

123 

475 

150 

522 

89 

497 

252 

500 

210 

659 

155 

748 

131 

656 

156 

653 

231 

591 

71 

,086 

176 

,794 

66 

983 

1,098 

244 

119 

019 

394 

114 

191 


POWER- 
PROPULSN PLANT 


( 503 ) 336 

( 341 ) 192 

( 396 ) 194 

( 419 ) 165 

( 771 ) 551 

( 845 ) 588 

( 804 ) 343 

( 865 ) 369 

0,632 ) 683 

(1,115 ) 360 

(2,525 ) 1,244 

(1,467 ) 635 

(1,912 ) 835 

(2,365 ) 805 

(2,687 ) 1,089 

(3,189 ) 1,737 

(3,371 ) 1,809 

(3,020 } 1,093 

(2,767 ) 831 

(2,730 ) 862 

(2,724 ) 701 

(3,466 ) 941 

(2,895 ) 969 

(3,235 ) 951 

(5,1 5i } 1,342 

(6,857 ) 2,185 

(8,419 ) 5,516 

(7,822 ) 3,706 

(6,057 ) 1,762 

(6,881 ) 1,741 


DRIVE 


142 

113 

176 

215 

198 

155 

395 

440 

658 

621 

1,064 

733 

825 

1,361 

1,101 

1,091 

1,393 

1,523 

1,576 

1,405 

1,763 

2,123 

1,680 

2,010 

3,531 

3,797 

2,567 

3,679 

3,919 

3,796 


FUEL 


25 
36 

26 
39 
22 

102 

61 

56 

291 

134 

217 

99 

252 

199 

497 

361 

169 

404 

360 

463 

260 

402 

246 

274 

278 

875 

336 

437 

376 

1,344 


TOTAL 55,140 15,312 

%MEW 19.5 5.4 


'‘,864 (87,231 ) 34,540 44,050 8,641 

>•? (30.7 ) 12.2 15-5 
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Table 2,2 (Continued) 
HELICOPTER SYSTEM WEIGHT SUMMARY 



MODEL 

FLIGHT 

CONTROLS 

W 8 

AUXILIARY 

POWER 

PLANT 

W 9 

INSTRU- 

MENTS 

W 10 

HVDRAl'LIC PNEUMATIC 
W 1 1 W ,2 

ELEC- 

TRICAL 

W I3 

AV 1 uN I C 

u 

269A 

51 


8 


59 

’ 1 

OH-6A 

65 


30 


68 

. 1 *> 

T11-57A 

133 


29 


110 

■; ■ 

OH-58A 

125 


27 


85 

i ■ 

OH-23G 

108 


34 


111 

V o 

OH-13S 

155 


24 


130 

9 j 

BO 105 

189 


25 


168 


286 

82 7 


58 

38 

130 

J U 

UH-1H 

357 


59 

33 

360 

J. * i ( > 

H-52A 

358 


124 

43 

419 

42/ 

llH-191) 

164 


70 

47 

327 

] 1 0 

UI1-2B 

301 


142 

42 

233 

3 i 8 

AH-16C 

469 


101 

no 

400 

2S 1 

UH-2D 

300 


166 

52 

293 

3*i 2 

Y Alt-64 

419 

135 

99 

96 

294 

303 

CH-3AA 

378 


108 

26 

327 

269 

Cll-2 1C 

561 


134 

62 

342 

24/ 

YUH-63 

596 

137 

127 

‘262 

409 

308 

Y OH-61 A 

721 

193 

153 


389 

4 56 

YUH-60A 

694 

194 

152 

’87 

464 

466 

S11-3A 

654 


368 

46 

391 

1,273 

S-67 

780 


187 

40 

397 

7 3 1 

AH-56A 

1,021 

136 

127 

86 

377 


CH-46I* 

828 

106 

158 

168 

654 

h \ *i 

CH-47A 

1,212 

99 

172 

212 

555 

i«.)3 

CH-5-tA 

1,161 

183 

284 

168 

472 

4 j'5 

CI1--37A 

965 


191 

129 

497 

269 

YH-16A 

1,239 


176 

224 

708 

3u3 

CH-5.1A 

1.168 

211 

395 

132 

601 

6 5 ) 

34 7 

1,921 

177 

195 

176 

617 

371 


TOTAL 1 7,413 

1,571 

3,923 

2,179 

10,387 

9,93 

/MEW 6.1 

0.6 

1.4 

0.8 

3.7 

3. 
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MODEL 

269A 

OH-6A 

TH-57A 

OH-58A 

:.1-23G 

OH-13S 

B0105 

286 

UH-1H 

H— 32a 

UH-19D 

UH-2B 

A11-16C 

UH-2D 

YAH-64 

CH-34A 

CH-21C 

YUH-63 

YUH-61A 

YUH-60A 

SH-3A 

S-67 

AH-56A 

CH-46F 

CH-47A 

CII-54A 

CH-37A 

YH-16A 

CH-53A 

347 


TOTAL 

%MEW 


Table 2.2 (Continued) 

helicopter system weight summary 


FURNISH 
& EQUIP 

W 15 

AIR 

CONDIT 

W 

16 

33 

11 

58 

9 

64 

27 

42 

25 

32 

4 

30 

40 

47 

84 

14 

408 

44 

216 

88 

205 

77 

131 

25 

130 

76 

166 

35 

185 

99 

189 

72 

258 

137 

202 

98 

6>0 

78 

675 

58 

400 

86 

230 

126 

274 

75 

854 

127 

866 

145 

218 

94 

810 

176 

425 

165 

1,289 

234 

1,337 

155 


anti- load & 
ICING HANDLING 
w, , w. . 


1 


9 89 

56 6 


33 

5 


6 

33 
28 
23 

42 

130 

34 
20 


77 

47 


131 

3 

45 

39 

80 

56 

13 

196 

258 

184 

12 

137 

439 

302 


TOTAL 

MEW 

985 

1,202 

1,535 

1,545 

1,905 

1,926 

2,342 

2,981 

5,235 

5,585 

5,831 

5,909 

6,913 

7,633 

7,848 

7,803 

9,158 

9,729 

9,826 

10,222 

11,459 

11.752 
12,077 
13,313 

17.752 
19,192 
21,238 
22,655 
23,097 
24,797 


10,508 2,400 

3°7 0.8 


544 

1,990 

283,445 

0.2 

0.7 

100.0 
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Table 2.3 


DESICN AND PERFORMANCE CHARACTERISTICS 
USED IN WERs 


DKSICN OR PERFORMANCE 
CHARACTERISTIC 

Design Cross Weig!it 

T>ody Surface Area 

Blade Planform Surface Area 

Engine Horsepower 

Fuel Quantity 

Number of Passengers and Crew 

Vehicle Sink Speed 

Range 

Nacelle Surface Area 
Tail Surface Area 

Constant for Auxiliary Power Plant (if installed) 
Wing Surface Area 


PERCENT OF MEW 

29.1 


26.4 


18.4 

13.6 


3.0 


2.2 


1.8 


1.8 


1.7 


1.1 


0.5 



"> ">!>">»«« ->« effectively th. let. fro. wMcb 
voro derive* 4 , Tb. be.lc form.].. for deriving the .lo r o end intercept for 
a simple regression are: 


* Slope: 

_ "EXY - JJCFY 


nEX 2 - (Ex)' 

• Intercept: 

a » EY - bEX. 


one results cen he direct], derived fro, th. r.» dote. The fomule, for 

“ " r ' Et ‘" ,al “" «« ™fl.« end ere not preeented here. f.t be 

found in Wonnecott end «on M cott. Introductory St.tx.Mr.. Chepter 11. 


Most eyete.. ... eub.yste.. were found to be expl.lned edequet.l. with 
only on. verieble, tbe re.t required two. After .iter- 

native explanatory variables, those which combined the beat functional and 
statistical qualities were included in th. weight estimating =«>d.l. Vari- 
ables which had intuitive appeal but had les. explanatory power ere discus- 
sed in the detailed weight analyses of each system. 


After determining the relevance of selected design and performance 

characteristics to system or subsystem weight, snalyses were performed to 
determine: 


• The degree to which some characteristics of the helicopter are 
related to weight and design and performance characteristics; 

• Linearity or non-linearity; 

• Reliability as measured by various statistical tests. 


Configuration 
and cargo vs. 
propriate. 


differences include both single vs. tandem rotor helicopters 
non-cai go models, for which separate equations might be ap - 


Differenees within each characteristic were investigated for statis- 
tical significance. For example, tests of significance were performed on the 

" “ ^ tandem C£mflRuratlons on structure weight. It was found 

that tail structure on tandem helicopters were on the average 111 pounds 

lighter than trend line estimates derived on the basis of single helicopters. 

P ° ° f tl,U tandCra ,flPdel9 Ca " b < hypothesized to be the same, although 
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tht ‘ lnti ' rc ' , i ,t - i:i clearly different. Therefore an , 

" f - Incorporated tato c,ua L , ““ <d ' , "" y V ‘ r '" bl “ > 

nt tquatlon f °r tand-n, models. 

Different configurations can also affect tho , , 

* ~ for each configuration * r 

coefficient, of „,c various avion, „ *'“" P,C ’ th « 

reflecting different re, nirc.cn, ** 

.lm,a,tr*^u^rr!l'«3l‘r"! Indicated 

nificont non-,, near trend, il^ruhnic Tr ."’7“’" »‘«- 

•>»*— "ere t„„„d „„„ c . * ''“emlned. Only 

linear trend , „, r >' trends. The non- 

linear counterpart throughout the relevant range I 'i T" 

- 'H»o appears in the elec ' ' 

lions were also derived for cn.parison. U ““ 

T,H '•l’*’ 1 ion of logarithmic or exponential 

lH * ^ *"* transformations rlo ^ 

PWintS « «" ***« ranges and increase the rol l “ °' ^ 

points near the „ r «..| n , Uv ‘ in P°™anc<* of data 

the or * gin on the graph. Only when -i n„ 

clearly inferior should a logarithmic . representation Is 

logarithmic equation he derived.* 

•ills) higher correlation when It " ( “ rS ‘"' 

— - vacair ri: Lrr 1 ''? 0 ^ — - 

* ^^‘.rrr.rr " u " ,h " 

logarithmic transformation reduces the rel- , • , WlShtS thr ° U * h 

‘'•suiting in a slightly higher correct/ ° f th “ ,ar « cr tanks, 

linear. ’ . * tlw, ». ‘‘ut the innetion is essentially 


A logarithmic orju/it Jon re Cor*- h 

f V r “ 2 + , h iX- Tl,Is ls distinct from t o ii i’i i n 0r,:, '' UOn ° f thtf data itself: 
Kl ‘ lph P‘'‘P° r ♦ which is also linear in appe.ir^neo 1 ll> " Ph ' U ‘‘ d on doil!) lt‘ 
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T e ft t a of Sign 1 f i e a nee 

After determining how helicopters of various configuration related to 
the assembled weight, design and performance data, and whether the weight 
estimating relationship was linear or non-linear in form, various statistical 
tests of significance were performed to assure the reliability of the WERs. 
These include: the ”t” tc*,t, coefficient of determination and tests of co- 

variance. They are discussed below. 

"T” Test 

The ”t” test is a means of determining whether separate equations should 
be used based on differing design or performance characteristics. * The greater 
the differences between the slopes and intercepts of the equations, the greater 
is the probability that the characteristics "explain” the differences. 

The derived values for ”t” can be compared with numerous benchmark 
statistics based on tables of significance which are available in roost sta- 
tistical manuals, o.g., in Wonnacott and Wonnacott, Introductory Statistics . 

* Jntejrc en t s : 



where, a =* actual intercept for "standard” data points, excluding points 
with differing characteristics 

a * intercept for remaining data points, assuming same slope 
Ey 2 = ;; Y 2 - (EY) 2 /n 

Ex 2 = IX 2 - (EX) 2 /n 

r 2 _ 2 , 2 - 2 

Ee » Ey - b Ex 

s 2 «= Ee 2 /(n-2) 



where, b =» slope for data points not possessing differing characteristic 
6 ■ slope for data points possessing characteristic 
s and Ex as before 
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For quick reference, the resulting "t" statistic should be at least 2. This 
is a M rule of thumb" measure of significance at a 95 percent level of con- 
fidence, If the result is clearly less than 2, the above tests of significance 
simply show that any difference in intercepts (a and a) or slope (b and 3) of 
a standard linear equation based on differing configurations are due to the 
random nature of the data points around the trend line rather than to the 
different configurations themselves. 

It should be noted chat most differences due to configuration should be 
obvious by inspection when plotted on a graph and that formal tests are gen- 
erally not needed, unless significant doubt arises. 

Coefficient of Do tormina tie n 

The most comprehensive measure of association between two or more vnri- 

2 

ables is the coefficient of determination (r ), which is referred to as the 
"correlation" between variables. It is the degree to which variations in 
the dependent variable, y (weight), can be explained by variations in the 
explanatory variable(s), x's (design and/or performance characteristics). 
Equivalently, it can be expressed as: 

exp la in ed va r i a t ion s in y ^ unexpla in ed v ariat ions in y 
total variations in y total variations in y 

2 

From the above equations, it can easily be inferred that the r must fall 

between zero and one* The closer the data points are to the trend line, the 

2 

smaller the unexplained variation and the higher the r , * 


* The coefficient of correlation, r, is the square root of the coefficient 
of determination and takes the sign of the slope of the trend line. For 
all values between zero and one, the coefficient of correlation leads to 
a more optimistic measure of the power of the explanatory variable, which 
is higher than the ratio of the explained to the total variation. The r 2 
is therefore a more conservative statistic and relates more directly to 
the measure of reliability. 

Many formulae exist for the computation of r 2 , but the most practical is 

nlXY - EXEY 

/( nIX 2 -TlxT 2 IfnlY 2 -“7lvT 2 l 

which can be computed directly from the raw data. 



(continued) 



Tests of Covariance 


To the extent that additional Independent variables reduce the unex- 
plained variation in the dependent variable, the r 2 will improve, but this 
depends on the correlation between the two explanatory variables (covari- 
ance). The higher the correlation between them (r 2 ), the less likely 

that the multiple correlation coefficient r 2 ^ >y win be significantly 
larger than r^ or r^. For example, the weight estimating relationship 
for the instrument system yielded an r 2 of .750? with horsepower, of .7313 
with design gross weight, and of .7253 with fuel capacity. Inclusion of 
two or more variables raised the r 2 to only .7895. Covariance (r 2 ) was very 

hish * e • 8 • , ,9266 be tween horsepower and fuel capacity, and .8405 beween 
horsepower and design gross weight. 

Many covariance figures for the variables considered in deriving the 
weight estimating relationships were too high (typically .8 or more) to 
allow for multiple regression. On the other hand, some independent vari- 
ables yielded a simple correlation coefficient so high (e.g., blade plat- 
form surface area in the main rotor equation) that the inclusion of other 
variables would not have improved the fit. 

Related to the problem of high correlation between estimators is the 
"dominance" of one estimator over another in a multiple regression equation. 
For example, the following WER was obtained for instruments: - 48.279 

+ •0278HP e - . 0102G. The positive coefficient for horsepower (HP ) is, in 
fact, close to that derived fov the simple, single variable equation (.0267), 


The same principle applies to multiple regression equations of the type 
y » a + b,Xi + b 2 x 2 + . . . + b n x n . 

The general expression for the multiple correlation coefficient for two 
independent variables, Xi and X 2 , is 


x i*2*y 


x>y 


A 

'x;y 


+ r 2 - 2r r r 


xiy x 2 y xix? 


1 - r : 


x i x 2 


Expressions for equations with three or more independent variables become 
more complex and are not presented here; their computation normally ro- 
quires a computer. Fortunately, none of the weight estimating relation- 
ships derived in this study has more than two estimators. 
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b“ e thC tUCl ' ,U “ ntlt >' i« both negative end etetletlcelly Inslg- 

nllice it, which Is illoglcl. (The coefficient for n elmple regre.elon le 
actually +.161). The roeult arises fro. the superior r 2 of the weight with 
respect to the hor.epower <H* C ) (.7893) to that of the fuel quantity (C> 
(.7253) and the high covariance (.9266) between the two e.tleatorn (HP and 
C>. This is confirmed by the multiple correlation coefficient <.7895>°„hlch 
la practically Identical to that of the horsepower alone. Statistically 
•peaking, the horsepower estimator Is clearly "robust'' and can et.nd alone, 
while Che fuel quantity estimator adds practically nothing. 


It is also possible that neither estimator completely dominates the 
other. For example, another multiple regression was derived for instruments: 
W 10 " 44 * 117 + 2 *U159HP e + .00224W g . Compared with the simple r 2 with HP 
(.7507), the r for W g alone is fairly close: .7313. Furthermore, covari- 

ance between HP g and W g is lower than in the previous case (.8405). As the 
P c coefficients for HP g and W g for simple regressions are +.0267 and 
+.00503 respectively, the inclusion of both explanatory variables into the 
above multiple regression "weakens" their coefficients. However, they remain 
positive. Tire multiple correlation coefficient is .7739 for this equation, 
which is only slightly above that for HP g alone. 

In summary, weight estimating relationships using only one or two vari- 
ables have been derived for all systems and subsystems considered. These 
WERs have very high correlations and have passed rigorous statistical tests 
of significance, in order to assure their validity and reliability. Equations 
representing more than 85 percent of their MEW yield r 2 s of more than .90 and 
only 9 percent of the MEW have r 2 s of less than .80. Due to their linear 

strength and tendency towards covariance, most of the relationships are 
linear and simple. 


B. SUMMARY OF WEIGHT ESTIMATING RELATIONSHIPS 

The system level weight estimating relationships which have been 
derived in accordance with the methodology discussed above are summarized 
in Table 2.4, together with the r 2 calculated for each, the approximate 
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System 


U Wing w 

2. Rotor (Main) 

Bladea 

Hub & Hinge w 
Total y 


Table 2.4 

SUMMARY OF HELICOPTER SYSTEM 
WEIGHT ESTIMATING RELATIONSHIPS 

— Equation , 


1 " ~ 49 * 967 + • 970S + .0212W 0.9385 

8 


3. Tail 

Rotor 

Structure 

4* Body 

5. Alighting Gear 


6* Nacelle 

7. Propulsion 

Powerplant* 


r 2A " " 63*742 * 6.403S 
f 2B - “105.943 + 5 . 76 1 S 
r 2 * “194.685 + 12.164S 


Pi 

Pi 


Pi 


Jin W 


3A 

f 3A 


W 


- 8.327 + 1.352 Jin W_ 

W 

8 


W - - -29.916 + .0102W 8 


'3B “ '■1^*872 + 2.829S tt + K t 


W 


0.9713 

0.9626 

0.9774 

0.9497 

0.9180 

0.9178 

0.9684 


W i 


w. 


? 4 - -269.023 + 2.356S, 


’ 5 - 161 .36l + .0117W g - 17. 480V oo 0.8061 


85.875+ .0304W 


ss 


“ ~ 5.489 + . 0342W 
“ “84.779 + 2.401S 


0.9218 

0.9347 

0.9050 


Drive System 
Fuel Tanks 
8. Flight Controls 


W 7A 

sc 

304.483 + 

1.027HP 

e 

0.9549 

W 7A 

n 

211.546 + 

. 229HP 

e 

0.9817 

W 7A 

m 

130.243 + 

•369HP 

e 

0.8263 

W 7A 

as 

408.198 + 

. 192HP 

e 

0.9176 

W 7B 

» 

“ 35.551 + 

. 101W 

8 

0.9657 

W 7C 

*? 

10.974 + 

. 790G 

0.7732 

W 8 

SI 

62.025 + . 0334W 

8 

0.9475 


?MEW 
< 1 

17 


Notes 


Alt. 


21 

Skid 
Wheeled 
5 All 

l 

31 

Recip.,1 enj 
Rccip.,2 enji 
Turbo. , 1 eng 
Turbo, ,2 eng 


* Includes: Engine, air induction, exhaust ani „ w 

system. cooling, engine controls and start 
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Table 2.4 (Continued) 

SUMMARY OF HELICOPTER SYSTEM 
WEIGHT ESTIMATING RELATIONSHIPS 


System 


Equation 

r 2 

%MEW 

Notes 

9* Auxiliary Power 

W 9 - 

157 


< 1 

Constant 

10. Instruments 

M 10 " 

50.507 + .0267Hr 

e 

0.7507 

2 


11. Hydraulics 

W 11 " 

15.890 4* .00446W 

g 

0.6574 

< l 


12. Pneumatics 



— 

0 


13. Electrical in ■ 

.903 + .733 £n S u 

D 

0.8547 

4 



W 13" 

139.947 + .234S. 

b 

0.8160 


Alt. 

14. Avionics 

W 14 “ 

301.770 4 .0231W - .687R 

g 

0.8923 


USN Trans & 


W 14- 

- 20.814 + .00739W + .585R 

g 

0.9177 

3 • 

USA Trans ii 


W » 
14 

- 59.041 + .0175W + .348R 

g 

0.9761 


Other 

15. Furnishings and 






Equipment 

W n 

15 

-8. 106 +.176^+ 20.456(N+N c ) 

0.9034 

4 


16. Air Conditioning! 




f 1 


17. Anti-Icing J 

u 

16+17 

- 23.844 + .0730S. 

b 

0.8172 

(<■ 


18. Load and Handling 

W 18" 

-71.875 +. 11 15^+ 3.489 (N+N) 

0.7704 

< 1 



G 

GBR 

HP e 

K t 

LOLEO 

N 

c 

N 

P 

OLTRV 

R 

RPM 

S b 

S n 


Pi 

5 tt 


w 


TRR 

V 

S3 


Table 2.4 (Continued) 

SYMBOLS USED IN WERs 

Dive velocity (mi/hr) 

Number of gallons 
Gear box ratio 
Engine horsepower 

Tandem constant for tail structure 
Oleo length (in) 

Number of crew 
Number of passengers 
Oleo travel (in) 

Range (mi) 

Engine RPM 

2 

Body surface area (ft ) 

2 

Nacelle surface area (ft ) 

2 

Blade planforra surface area (ft ) 

2 

Total tail surface area (ft ) 

2 

Wing surface area (ft ) 

Tail rotor radius (ft) 

Vehicle sink speed (ft/sec) 

Design gross weight (lb) 
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to the U ii ' 1 “7 " " Pt> ' “ eISht they rePr ' !S » nt “t«. touted 

o thou imtatlon. ot 0 , 0 . The WERs Ucludod i„ Table 2.4 are the pre- 

r.l.tlon.hlp. which were derived. They ate dlaeue.ed In detail In 

ec on , together with alternative WERs which were alao derived. The 

; ternatlve WER. .ay be note appropriate for .pedal ca.e. where, for example, 

ch.ractoriatlcfs) upon which the preferred WER, are based nay he In.p- 


C. EXAMPLE APPLICATIONS OF WEIGHT ESTIMATING RELATIONSHIPS 

The WER. were applied to those helicopter nod.l. chosen to represent 

r:r r^T Er<,8s wei8i,ts - ihey are: ,eu ™- ih - 6 - 6 °° »«« 

HX-43, 9,500 lbs.; to,..,, CH-47A. 33,000 lbs. data has. co.prl.es 

e copter .odela ranging fro. 1,600 to 42,500 lbs. In design gross weight). 

Because of the breadth of the data base (70 commercial and .lutary 

e copter .odela and types), reliable design, performance and weight data 

or other helicopters were generally unavailable. Therefore, two of the 

.odela selected to test the WER. were taken fro. the data base. However, 

he Bell experimental model (0HX-43) va, not in the data base but had suf- 

dent data and performance criteria for the purpose and so it was chosen 
Co be tested. 

test ”” £i “ rly Cl °“ ^ * Ct ' ,Sl each ..del 

ted. Large percentage variances .o.etime, occurred In small system, and 

errors as large as 80 percent were observed. These were due entirely to the 

ow correlation, of those WER. (.63 - .80). Because the larger sy.te.s 

a.e., rotor, propulsion, body, etc.) had strong correlations, variances 

etween estimated and actual weights were small £ 0 r them and tended to off- 
set each other. 

m general, WER. for the helicopter models tested yielded eati.ate. 

w th „ about 5 percent of the overall MEW, which i.pli.s strong correlation, 
at standard confidence levels. 

The variables used in the calculations and the results for these three 
helicopters are shown in Tables 2.5, 2.6, and 2.7. 
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Table 2.5 


Equation 

U1I-1H WEIGHT 
Variables Used 

1# Wing 


2« Rotor (s) 
3. Tail 

S . - 76.9 
Pi 

Rotor 

W ■ 6,600 

g 

Structure 

S tt - 31.3 

4, Body 

S„ - 626 

5. Alighting Gear 

w - 6,600 

g 

V - 6.00 

68 

6, Nacelle 

7. Propulsion 

S - 82.7 
n 

Powerplant 

HP - 1,103 

e 

Drive System 

W ■ 6,600 
g 

Fuel System 

G » 211 

8. Flight Controls 

9. Auxiliary Power 

W - 6,600 
g 

10. Instruments 

HP e - 1,103 

11. Hydraulics 

12. Pneumatics 

W « 6,600 

g 

13. Electrical 

S b - 626 

14. Avionics 

15. Furnishings and 

W ® 6,b00 
g 

R «* 318 

Equipment 

S,. * 626 

D 

»p + »C ■ 13 

16. Air Conditioning! 

17. Anti Icing 



18. Load and Handling 


TOTAL 


ESTIMATE 


Estimated 

Weight 

Actual 

Weight 

Percent 

Difference 

741 

742 

- 0.3 

( 106 ) 

( 84 ) 

( + 26.2 ) 

35 

30 

+ 16.7 

71 

54 

+ 31.5 

1,206 

1,035 

+ 16.5 

134 

121 

+ 10.7 

134 

114 

+ 17.5 

( 1,332 ) 

( 1,632 ) 

( - 18.4 ) 

523 

683 

- 23.4 

631 

658 

- 4.1 

178 

291 

- 38.8 

282 

357 

- 21.0 

80 

59 

+ 35.6 

45 

33 

+ 36.4 

286 

360 

+ 20.6 

214 

246 

- 13.0 

368 

408 

- 9.8 

74 

44 

+ 68.2 

5,002 

5,235 

- 4.4 
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Table 2.6 

UHX-43 WEIGHT ESTIMATE 


Equation 


1. Wing 

2. Rotor(s) 

3. Tall 

Rotor 

Structure 

4. Body 

5. Alighting Gear 

6* Nacelle 

7. Propulsion 

Powerplant 
Drive System 
Fuel Tanks 

8. Flight Controls 

9. Auxiliary Power 

10. Instruments 

11. Hydraulics 

12. Pneumatics 

13. Electrical 

14. Avionics 


15. Furnishings and 
Equipment 


16. Air Conditioning 'J 

17. Anti-Icing J 

18. Load and Handling 


Variables Used 

Estimated 

Weight 

Actual 

Weight 

Percent 

DiffeTf'nr'f* 

S 1 
Pi 

- 97.4 

990 

927 

+ 6.8 



( 129 ) 

( 101 ) 

( + 27.7 ) 

w 

g 

* 9,500 

58 

46 

+ 26.1 

s tt 

- 31.5 

71 

55 

+ 29.1 

V 

- 493 

893 

1,032 

- 13.5 

V ss 

- 8 

133 

119 

+ 11.8 

W 

g 

- 9,500 




s 

n 

- 80 

127 

127 

-0- 



( 1,941 ) 

( 1,779 ) 

( + 9.1 ) 

HP 

e 

- 2,050 

886 

853 

+ 3.9 

W 

g 

* 9,500 

924 

794 

+ 16.4 



131* 

131 


w - 

g 

9,500 

379 

411 

- 7.8 

HP 

e 

- 2,050 

105 

61 

+ 72.1 

W 

g 

■ 9,500 

58 

70 

- 17.1 

S b “ 

493 

232 

411 

- 43.6 

W w 
g 

9,500 

225 

227 

- 0.9 

R « 

300 





S b - 493 

N + N - 15 
P c 

S. - 493 


386 


65 


383 


50 


+ 0.8 


+ 30.0 


TOTAL 


5,663 


5,697 


- 0.6 


* Actual fuel tank weight. No fuel 


capacity statistic available 


Table 2.7 



Equation 

CH-47A WEIGHT 
Variables Used 

ESTIMATE 

Estimated 

Weight 

Actual 

Weight 

Percent 

Difference 

1. 

2. 

Wing 
Rotor (s) 

S . - 136.5 
Pi 

2,932 

2,996 


2.1 

3. 

4. 

Tail 

Rotor 

Structure 

Body 

S b = 2,150 

4,796 

4,487 

+ 

6.9 

5. 

Alighting Gear 

W - 33,000 
8 

S = 108 

n 

1,089 

1,086 

+ 

0.3 

6. 

Nacelle 

195 

176 

+ 

10.8 

7. 

Propulsion 


( 5,052 ) 

( 5,151 ) 

( - 

1.9 ) 


Powerplant 

HP « 4,400 

e 9 

1,253 

1,342 

- 

6.6 


Drive System 

W - 33,000 

g 

3,298 

3,531 

- 

6.6 


Fuel Tanks 

G - 620 

501 

278 

+ 

80.2 

8. 

Flight Controls 

W - 33,000 
8 

1,164 

1,212 

- 

4.0 

9. 

Auxiliary Power 

157 

99 

+ 

58.6 

10. 

Instruments 

HP - 4,400 
e 

168 

172 

- 

2.3 

11. 

Hydraulics 

W = 33,000 
R 

163 

212 

- 

23.1 

12. 

13. 

Pneumatics 

Electrical 

o 

S b = 2,150 

643 

555 

+ 

15.9 

14. 

Avionics 

W = 33,000 

355 

303 

+ 

17.1 

15. 

Furnishings and 
Equipment 

8 

R = 225 

S fa = 2,150 

1 ,0o6 

866 

+ 

25.4 

16. 

Air Conditioning 

N + N =35 
P c 

3, - 2,150 

186 

179 

+ 

3.9 

17. 

18. 

Anti-Icing J 

Load and Handling 

S b = 2,150 

289 

258 

+ 

12.0 


TOTAL 

N + N =35 
P c 

18,275 

17,752 

+ 

2.9 
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SECTION 3 

SUMMARY OF COST ANALYSIS AND METHODOLOGY 

Helicopter cost data were collected from a variety of sources and 
recurring production coat estimating relationships (CF.Rs) were developed 
for the systems and subsystems listed in Figure 1.1. The CERo arc sum- 
marized and the general assumptions made and analytical methodology followed 
in developing them are discussed in this section. Relevant technical in- 
tonation and the specific data and methodology used in developing each CRR 
are discussed in detail in Section 5. 


A. SUMMARY OF COST ESTIMATING RELATIONSHIPS 

The recurring production cost estimating relationships developed 
under this study are presented in Table 3.1. These CERs represent the manu- 
facturer’s in-house production costs and/or subcontractor prices associated 
with each helicopter system or subsystem. Total in-house assembly costs are 
estimated by a separate equation.* 

Helicopter system costs were found to correlate reasonably well with 
•system weights as the independent variable and. as discussed in Section 2, 
the weight correlates veil with a variety of design and performance char-’ 
acteristics. Thus, correlations with other technical and performance 
characteristics in addition to weight were examined but did not improve 
the accuracy of weight alone. At later stages of design, other independent 
variables, such as performance parameters, parts count and commonality, 
might be included to Improve the accuracy of the estimates. However, such 
data are generally not available during concept formulation or the prelim- 
inary design stage when use of this model is intended. 

The equations in Table 3.1 represent designs, technologies and manu- 
facturing Processes which are currently in use. They may not, for example. 


These terms are discussed in Section 3D and defined In Appendix A. 
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Table 1.1 


SUMMARY OF 


HELICOPTER 

SYSTEM COST ESTIMATING RELATIONSHIPS 
(SKY 77) 




System 

Equation* 


Notea 


U Wing 

Cj - ioi9Wj* 64a g“ 0 * 286 




2» Rotor 

C, - -12.938 + IO!W 2 Q~ 0,0740 




3. Tall 





A. Tail Rotor 

C 3a - I02W 3A Q“ 0,07/, ° 




B* Tail Structure 

C 3B - 759W 3 * 848 q~°* 286 




4* Body 

C 4 - 860W 4 °* 8A8 q“ 0 * 286 




5. Alighting Gear 





Total Wheeled 

Cj - 84W 5 g“ 0,2176 




A. Structure 

S» • 




B* Controls 

S» - ^’“s^ 0 - 0896 




C. Rolling Assembly 

Sc “ 20 W 5c q‘°* 0896 




or. 

Total Skid 

S 

S - w? S 




(>• Nacelle 

C - 893W°* 848 q -0,286 
o o ^ 




7. Propulsion 





A. Poverplant 

C 7A " ~ 17 * 709 4 1219W Q“ 0,2345 

W 7A 

< 900 

lbs 

B* Orive 

C 7B - -4795 + 207W if 0 ' 0740 

W 7B 

< 700 

lbs 


C ?B - -16,423 + »3W 7H Q"°* 07A0 

W 7B 

* 1,800 

lbs 


C 71i * 1 V^6 + «3W 7 b q"°‘ 0740 

All 

other 7B 

0. Fuel 

r . ,*-0.0896 

*"7C • SbU 7C Q 




I\. Other 

C ■ 145W q-0.0896 

7i) ?n' 




* Subscripts refer to th 
W* ** Wing Weight * 

e numbers In the left hand column. For 

example. 
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Table 3.1 (Continued) 

SUMMARY OF 

HELICOPTER SYSTEM COST ESTIMATING RELATIONSHIPS 
($FY77) 


System 


8* Flight Controls 
9. Auxiliary Power 
10. Instruments 


Equation 


C 8 * 156w 8 Q 

C 9 - 234W 9 Q 


-0.0896 

-0.0896 




Total Instruments 

_ , -0.0896 

C 10 - 125W 10 Q 


A. 

Equipment 

C 10A " 110W 10 


B. 

Installation, Misc. 

C 10B “ 140W 10BQ" 0,184 

11. 

Hydraulics 

C 11 " 91W 11 Q~ 0 * 0896 

12. 

Pneumatics 

C 12 “ O7W 12 Q“ 0,08% 

13. 

Electrical 

C n - 143W 13 q“ 0 * 0896 

14. 

Avionics 




Total Avionics 

c 14 “ 6847 + 125W U Q‘ ( 


A. 

Equipment 

C 14A " 13 * 693 + 110w l^ 


B. 

Installation, Misc. 

C 14B * ““kbO' 0-184 


-0.0896 


15. Furnishings & Equipment C^ - 69W 15 Q~ 0,0S96 

16. Air Conditioning 6 Heat C., «* 208W 

16 16 M 

17. Anti-Icing 

18. Load and Handling 


C 17 ' 

C .-lie 
18 W A 4 


-0.0896 


19. In— House Assembly 


P 8 1-0 

0 - 5. 325 E C -EC, Q U ’ 

kr l * J i 


Notec 


C 19 " 


18 

10. 775| E C, - EC, 

Li-1 J J j 


-0.3959 

Single: 

j - |5C,7A, 10, 14 

-0.3959 

^ Tandem: 

j » {5C, 7A, 10, 14 


Where: C - Cumulative average cost for Q units in constant 1977 dollars. 

W « Weight of system or subsystem. 

Q ■ Production quantity. 
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accurately represent new technologies where weight would be significantly 
reduced while unit cost would change little. Therefore, if the user is 
interested in assessing new technologies or manufacturing processes, he 
is advised to consider carefully the detailed discussions of the data and 
development of the equations which are provided in Section 5. 

The approximate percentage of total cost and total weight contributed 
by each system is indicated in Table 3.2. Although these are approximate 
and may vary significantly for specific designs, they provide an indication 
as to the relative cost and weight of the various systems and, also, as to 
which systems tend to be more costly on a per pound basis. The rank of 
each system is shown in parentheses next to the percentage. 

B. SOURCES CF COST DATA 

Ij) order to develop the CERs which were summarized in Table 3.1, a 
variety of potential sources of cost data were used. 

( 2 ) 

A key source of cost data was The Helicopter Cost Data Source Book 
which was prepared by SAI for the Cost Analysis Improvement Group (CAIG), 
Office of the Secretary of Defense (PA&E), and drew upon data provided direct 
ly by the DoD, U.S. Army Aviation Systems Command (AAVSCOM) and helicopter 
manufacturers. This report provides extensive and highly detailed contract 
cost and quantity information for sixteen different helicopter series pro- 
duced by five contractors. Such information was invaluable in the develop- 
ment of CERs for the rotor, propulsion (engine and drive), instruments and 
avionics systems and in the establishment of baseline costs against which 
all CERs could be compared. However, because these data are proprietary, 
they arc presented and discussed only in general terms so that this report 
may be distributed without restriction. 

Another important source of cost data was subcontractors, who supply 
major portions of the completed helicopter. Although subcontractors typi- 
cally would not. provide detailed selling prices* for specific items, most 


* The subcontractor's "price" is the manufacturer's "cost. 
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Table 3.2 


HELICOPTER SYSTEMS* 

APPROXIMATE COST AND WEICHT PERCENTAGES 


Approximate Approximate 

Percent of Percent of 


System 

MEW* 

Rank 

Cost** 

Rank 

Wing 

r 

< IX 

(13) 

< IX 

(14) 

Rotor 

17 

(3) 

12 

(3) 

Tail 

1 

(10) 

1 

(12) 

Body 

21 

(2) 

21 

(2) 

Alighting Gear 

5 

(5) 

2 

(9) 

Nacelle 

1 

(10) 

3 

(7) 

Propulsion 

31 

(1) 

32 

(1) 

Flight Controls 

6 

(4) 

10 

(4) 

Auxiliary Power Plant 

< 1 

(13) 

1 

(12) 

Instruments 

2 

(9) 

2 

(9) 

Hydraulics 

< 1 

(13) 

< 1 

(14) 

Pneumatics 

0 

(18) 

0 

(18) 

Electrical 

4 

(6) 

4 

(6) 

Avionics 

3 

(8) 

5 

(5) 

Furnishings & Equipment 

4 

(6) 

3 

(7) 

Air Conditioning & Heat 

1 

(10) 

2 

(9) 

Anti-Ic lag 

< 1 

(13) 

< 1 

(14) 

Load and Handling 

< 1 

(13) 

< 1 

(14) 


fr-e 

o 

o 


100% 



* These percentages are based on military helicopters. For commercial heli- 
copters, the furnishings and equipment percentages would probably increase 
and avionics would probably decrease with the other systems percentages re 
Mining more or 1 eso constant, 

** Excluding in-house assembly. 
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willing to dl.cu.s price in kern. 8encr.ll, .l.u, r to tho.e guotcd 
wring preliminary marketing discussions, since they recognlaed that such 
price, do not differ markedly fro. those of their competition. This co- 
operation provided an understanding of the factors which influence the 
prices of major subsystems and components. 

ThC f ° ll0win8 polnts characterize data furnished by the subcontract 


• Prices were provided for both commercial and military heli- 
copter systems and, when appropriate, explanations were pro- 
vided for any differences, 

• Prices were provided in 1977 dollars; thi » eliminated the 

necessity for application of potentially erroneous inflation 
factors* 


• Explanations were provided concerning how price would normally 

expected to vary if changes in design, performance or reli- 
ability were specified or if a new technology were introduced. 

* Examples were provided regarding the various conditions which 
influenced prices. These include quantities purchased under 
a particular contract, inflation, the need to be competitive 
to win a particular procurement, and the relationships estab- 
lished in former dealings with customers. 


While most of the information provided by major subcontractors did 
not consist of actual prices for specific subsystems or components, the 
price information which was provided was considered to be representative 
and accurate enough for the objective of this study. Furthermore, the 
explanations provided were very useful in relating the costs of major com- 
ponents and subassemblies to total system costs. Thus, cost estimating 
relationships based on a detailed understanding of the helicopter systems 
could be developed with the use of this subcontractor information to com- 
plement and supplement that obtained from other sources. 
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Technical repnrt. were feund which provided general infomerlon each 

“ * *•« typical!, represented by . particular sys- 

“ ” °°“ Ihl * ‘”f“t“tlon was need lor comp.rtsoh with data 

obtained from other sources* 

Finally, the earlier SA1 report (l, provldcd extensive detailed cose 
nfomiation on major subsystem, and components. This information for 
transport aircraft served a, the basis for some of the helicopter ey.ten 

, after ...lysis and/or discussion, with industry personnel confirmed 
the validity of so doing. 

C. BASES FOR COST ESTIMATING RELATIONSHIPS 

The CER, summarized in Table 3.1 were developed using parametric 
analysis and analogies based on information provided by subcontractors or 

simHarities with transport aircraft counterparts, or a combination of 
these methods, as appropriate* 

Parametric analysis generally Involved the correlation of detailed 
historical cost data with weight and other independent variables. When 
statistically significant results were obtained, these equations became 
the bases for the cost estimating relationships. If sufficient detailed 
historical cost data were not available, the information provided by sub- 
contractors served as the basis for developing the CERs. If such data 

not available, data for one or several components or subsystems which 
arc similar or analogous to the components or subsystems of Interest were 
used. Sometimes, complexity factors were applied to the analogous data 
in order to adjust for ,, nown differences. In many cases, more than one 

o these methods were used to develop the final CERs and to evaluate their 
validity. 

Regardless of the source of the cost data or the methodology used to 
develop the CERs, it was essential that the data be normalized to assure 
that all reported costs were comparable. Thus, the data were analyzed to 
determine the following: 
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• That they reflected the same coat elements so that, for example. 
Research and Development and Engineering and Tooling costs were 
not amortized in one while being omitted from another and so 
that profit was not included in some and excluded from others. 

• The quantity produced was considered so that adjustments for 
learning could be made* 

• The years during which the items were produced were considered 
so that adjustments for inflation could be made. 

Inflation and "learning" are two factors frequently cited as influ- 
encing cost. Inflation is simply an increase in the volume of money rel- 
ative to available goods, which results in a substantial rise in the general 
price level. Under inflation, an item will cost more to produce tomorrow 
than it does today, using the same mix of material, capital and labor. 

For many years, the industry has made use of what have variously been 
called "learning," "progress," "improvement," or "experience" curves to 
predict reductions in cost as the number of items produced increases. The 
learning process is a phenomenon which prevails in many industries; its 
existence has been verified by empirical data and controlled tests. Al- 
though there are several hypotheses on the exact manner in which the learning 
or cost reduction occurs, the basis of learning-curve theory is that each 
time the total quantity of items produced doubles, the cost per item is re- 
duced to some constant percentage of the previous cost. Alternative forms 
of the theory refer to the incremental (unit) cost of producing an item at 
a given quantity or to the average cost of producing all items up to a given 
quantity. For example, if the cost of producing the 200th unit of an item 
is 80 percent of the cost of producing the 100th item, and if the cost of 
the 400th unit is 80 percent of the cost of the 200th, and so forth, the 
production process is said to follow an 80 percent unit learning curve. If 
the average cost of producing all 200 units is 80 percent of the average 
cost of producing the first 100 units, the process follows an 80 percent 
cumulative average learning curve. Either formulation of the theory results 
in a power function which is linear on logarithmic grids. 
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Although reference is frequently made to a learning curve as some 
specified percent for a helicopter, it must be recognized that this is a 
composite of many different learning curves. For example, fabrication 
labor, minor assembly labor, major assembly labor, material and subco ,- 
trac :or or vendor supplied items may all have different learning curves. 

Learning is largely a function of the relative proportions of hand 
labor and machinery included in the manufacturing process for a particular 
system. Thus, separate learning curves have been included in each CER so 
that systems which are primarily manufactured by machinery (e.g., rotors 
and drives) have relatively flat learning curve slopes, while systems 

with a large amount of hand labor (e.g., wings, tail and body) have rela- 
tively steep slopes. 

In summary, inflation acts to increase cost while learning acts to 
reduce cost. Even though these factors are not related and function inde- 
pendently of one another, their combined effect must be considered by the 
analyst attempting to make extrapolations from reported cost data. There- 
fore, the available cost data were first normalized to represent the cumu- 
lative average recurring production cost for the first 100 units (CAC ) 
in 1977 fiscal year dollars <$FY77). This was accomplished as follows- 0 

• Non-recurring costs were identified and removed from the data; 
in many cases, consultations with helicopter manufacturers 
assisted in this task. 

• Cumulative average cost for 100 units was calculated by com- 
puting the average cost for the helicopter lot midpoint nearest 
100 units and then estimating the CAC J()0 by using the equation: 

CAC 100 " CAC y * ^200 x Q y 0) 

Where; y = a number near 100 units for which the CAC could 
be calculated 

Q = quantity 

n * the observed learning curve coefficient (~-S— 

log 2 ' 

• Reported costs were escalated to $FY77 by using indices provided 
by AAVSCOM or by DoD, as appropriate. 
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When only subcontractor-supplied in f n 

carefully analyzed together with tec. , " ^ aV£llable » *t was 

estimates were derived for the varioJ" ^ Perf ° rmance data a "d cost 
tem level cost estimates were developed ' C °" P ° nent8 ^ subas «cmbHes. Sys- 

tI,C maj ° r com P° ne nts and subassemblies based C ° St eStimateS ^ 

the components and subassemblies ln , ' relatlve eights of 

# aCC ° rdaace the following equatio 

c s /w s • r ir (C/U) 
s 1 

Where: C » cost 

W «■ weight 
s = system 

1 " eaCh raaj ° r com P°nent or subassembly 

For example: 

Major Component p ftmn 

or ^ubassemblv Co *Ponent 

A 

B 

C 

Total System 

The system level cost npr j 

first unit and a quantity factor^itTtT ^ ^ ^ represen = 

““ *«— 1„ Provlde . co „ plete icarnin8 curve si ° pe 
relationship. curring production cost estimating 

P * dis CUSSION OF COST ELEMENTS 

marized and discus!! ir!!!!!!!!!"*'' 11 ^ Vi ' 1Ch s ™- 

:-~ 8 to t .i oni i * — * - 

by referring to a typical breakout of rec„„i„‘, hell "'’ y 
that shown in Figure 3 l Thp b llc °Pter costs such as 

included undue ilbous ^ro! — coate 
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ystem Weight- 

Cost Per PntinH 

25% 

•$ 50 

65 

150 

10 

25 

100% 

$ 113 


Figure 3.1 


RECURRING PRODUCTION COST ELEMENTS 
FOR HELICOPTERS 


C ost Element* 

In-House Production 
Fabrication 

Sustaining Engineering 
Sustaining Tooling 
Raw Material 

Subcontractor 

Outside Production 
Purchased Equipment 

In-House Assembly 
Quality Control 
Minor Assembly 
Major Assembly 

Sectional Assembly 
Installation and Checkout 
Miscellaneous 


* See Appendix A for cost element descriptions. The cost elements include 
direct and indirect costs. Direct costs are those which can be identified 
with a particular output objective, such as a specific aircraft. Indirect 
costs are those which are incurred for common or joint objectives and must, 
therefore, be shared in some equitable manner. Indirect costs are often 
synonymous with overhead and general and administrative (G&A) costs. For 
a thorough discussion of indirect costs, see: Martinson, Major Otto B. , 

A Standard Classification System for the Indirect Costs of Defense Con- 
tractors in the Aircraft Industry , U.S. Government Printing Office, 1969. 
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orce the systems' costs should not significantly alter the CER A 

and hyTh “ C °" P “' d ^ Pa "' Pr ° d “' ad ^ '>» "‘“copter manufacturer 
ubcontractors and assembled by the manufacturer or, conversely 

the manufacturer could conceivably produce all of the parts. Thus thl 

sumption is made that the aircraft manufacturer's 'Who or hu die i on" 

is based primarily on lowest cost. Therefore th, k decis i°n 

Closely reflect the manufacturer costs for or d 1 “* tJ Sh °" ld 

costs for producing a similar item. 

The remaining costs are colled "In-house assembly" and are the costs 

Plete he 8 lT ln t V “ rl<>U8 C '’" P ‘ ma '' tS a " d SUl — »“*« K,to a corn- 

total ! Ce “ d '' “ te delivered. Thus, in order to arrive at the 

ri d™ 8 hell “ Pter ““ costs must 

in Table 3 , YfT 7 “ ^ ^ 

the system Uvel CERsI ZZTT "“ S ' =0StS b ” aPPlyl " S 

, , “ al oyr - tc ” “eights of several helicopters for 

“h=h aggregate cost data were available. «> The difference betlen the 

n-\r the eati “ ted “ at vas “ ss ” ed « «■«««« the cost „ f 

y ' “ r “" Ua eene tally consistent, although observed dlf- 
ferences could have been a 

Of differs 1 ° err0rs ln the system level CERs for 

or models. H" 63 am ° n8 aSSem ° ly C ° StS f ° r d±fferent helicopter manufacturers 

mated TorVl “" i ” y * C “ UVeI » ddl "8 »»ttio„ asti- 

“ : 1 ° U “ aSSembly ’ tha tbtal — •* ■ helicopter is estimated. 

mill ary n ° tbd ’ ' h “° ' Stl " aC ' ! ' h ‘’“ ld be for either 

are » e iT 7 "‘ !liC ° rCe " ’ ^ P^ctioo costs 

q milar. It is, however, important to note that sales price may 

ffet markedly because of different strategies. Commercial prices are 
~ t8latly ? ™ <«** '« <«». so that the manuf.c- 

profita r “(7 '"’ tU aftSr “ P-,!,Saa th ' broakeve " P»‘"t, after which 

profits are realised. Military sales usually reflect tost to a much greater 
' tVC ” “* ed PtlCa typically decrease annually, which reflects 
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of determination ZVTT^ “* 

variation I h “ ^ ^ -on the total 
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c, 


Where: 


V « £ -i V 

s i c s 1 
V •» confidence value 
C *■ cost 
s 13 system 

i “ each major component or subassembly 
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Table 3.3 


BASIS FOR ATTRIBUTING CONFIDENCE VALUES 
TO C05T ESTIMATING RELATIONSHIPS 


Source of Data 


Extensive detailed costs available and 
accuracy confirmed by industry expert (s) 

Estimate provided by industry expert (s) 
and verified by some actual data 

Similar estimate provided by at least two 
industry experts or reported actual costs 

Estimate provided by one industry expert 
only 


Estimate based on one reported actual cost 

Estimate based on judgment using data for 
similar item as basis for extrapolation 

Other assumption 


Confidence in CER 
Reliability and Validity 


9.5 - 10 


9 - 9.5 

8-9 

6-8 

5-7 

3-6 

0-3 
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Tabic 3.4 


SUMMARY OK CONFIDENCE VALUES 
FOR COST ESTIMATING RELATIONSHIPS 


Confidence Value 


1. 

Wing 

8.0 


Rotor 

9.5 

3. 

Tail 



A. Tail Rotor 
B* Tail Structure 

5.0 

4. 

Body 

8.0 

5. 

Alighting Gear 



A* Structure 

8.0 


B* Controls 

8.0 


C* Rolling Assembly 

or, 

8.0 


D* Skids 

3.0 

6. 

Nacelle 

8.0 

7, 

Propulsion 



A* Powerplant 

8.0 


R* Drive 

9.0 


C* Fuel 

4.0 


0* Other 

4.0 

8. 

Flight Controls 

4.7 

9. 

Auxiliary Power 

6.0 

10. 

Instruments 



A. Equipment 

5.0 


B» Other 

6.0 

11. 

Hydraulics 

6.5 

12. 

Pneumatics 

3.5 
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Table 3.4 (Continued) 


SUMMARY OF CONFIDENCE VALUES 
FOR COST ESTIMATING RELATIONSHIPS 


Conf 1 donee Value 


13. Electrical 

8.0 

14. Avionics 


A. Equipment 

8.0 

B. Other 

6.0 

15. Furnishings & Equipment 

5.7 

16. Air Conditioning & Heat 

6.0 

17. Anti-Icing 

3.0 

18. Load and Handling 

6.0 

19. In-House Assembly 

8.0 

Total* 

7.9 


The total confident e value shown is a weighted average based on the esti- 

t0tal COSt £or each ° f the h «Hcopter systc. 
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Confidence valuer are ordinal numbers which reflect the relative con- 
fidence attributed to each cent estimating relationship. They range from 
a high of 10 to a low of 0. In other words, a CER for which a confidence 
value of 7*0 has been given is based on data which is assumed to be more 
reliable than one with a 6*0 rating and less reliable than one with an 8*0 
rat ing. 

Each CER represents a best effort* Although CKRs with low confidence 
values might be improved with the availability of more complete informal ion. 
It is important to note that, in many cases, CKRs with relatively low con- 
fidence values represent an insignificant portion of the total cost and, 
therefore, warrant no further effort to validate or improve them unless 
these systems become of specific interest* 

K. EXAMPLE APPLICATIONS OF COST ESTIMATING RELATIONSHIPS 

Cost estimates were made for the CH-34A, CH-47A and CH-53A using the 
equations In Table 3*1* The results are presented In Tables 3.5, 3*6 and 
3.7, respectively. 

The actual costs shown are exclusive of profit and were adjusted for 
inflation, quantity and minor weight differences. The reported actual costs 
included in-house assembly but excluded the rolling assembly, povorplant, 
instruments and avionics* (Estimates for these items are shown separately; 
actuals were not available for comparison). When estimated costs wore com- 
pared with actual costs at this level, it was found that the CH-VJA was 
and or-est limited by 8 percent while the CH-34A and CH47A were over-estimated 
hv I and 9 percent, respectively* This accuracy should be acceptable for 
the purpose for which these CKRs were Intended: i.e., to provide rapid, 

system level estimates of the cost of conceptual designs. 

Furthermore, these examples are felt to provide a strong test of the 
model because of the diverse nature of the three helicopters, as Indicated 
by t he tv) l lowing: 

• MKW of the three helicopters ranged from about t>,800 to 23,000 
pounds; 
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Table 3.5 


CH-34A COST ESTIMATE 
(CAC I00 in $FY77) 


System 


1. Wing 

2. Rotor 

3. Tail 

Rotor 

Structure 

4. Body 

5. Alighting Gear* 

Structure 

Controls 

6. Nacelle 

7. Propulsion* 

Drive 

Fuel 

8. Flight Controls 

9. Auxiliary Power 
II. Hydraulics 

I2 # Pneumatics 
13. Electrical 

15. Furnishings & Equipment 

16. Air Conditioning 

17. Anti-Icing 

18. Load and Handling 

Subtotal 

19. In-House Assembly 
Total 

Estimated CACjqq 
A ctual CAC^qq 

Other 


5. Alighting Gear 

Rolling Assembly 


7. 

Propulsion 



Powerplant 


10. 

Instruments 



Equipment 

Installation, 

Miscellaneous 

1 A . 

Avionics 



Equipment 

Installation, 

Miscellaneous 


Total Other 
Total MEW 


* Remainder of System included under 



C08t 

Cost Per 

Weight 

($000) 

Pound 

0 

0 


1,313 

81.4 

62 

( 260) 

( 22.5) 

( 87) 

74 

5.4 

73 

186 

17.1 

92 

1,044 

83.6 

80 

( 357) 

( 35.1) 

( 98) 

309 

30.0 

97 

48 

5.1 

106 

150 

16.8 

112 

( 1,452) 

( 97.7) 

( 67) 

1,091 

84.3 

77 

361 

13.4 

37 

378 

39.0 

103 

0 

0 

- 

26 

1.6 

62 

0 

0 

- 

327 

31.0 

95 

189 

8.6 

46 

72 

9.9 

138 

0 

0 

— 

3 

0.2 

67 

5,571 

427.4 

77 

- 

366.9 

— 

5,571 

794.3 

143 

794.3 



784.5 ” 

1.01 


( 118) 

( 1.6) 

( 14) 

118 

1.6 

14 

( 1,737) 

(701.4) 

(404) 

1,737 

701.4 

404 

( 108) 

( 10.3) 

( 95) 

76 

8.4 

111 

32 

1.9 

59 

( 269) 

( 39.3) 

(146) 

188 

34.4 

183 

81 

4.9 

60 

2,232 

752.6 

337 

7,803 

1,546.9 

198 


"Other," below. 
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Table 1.6 


<-'11—4 7 A COST KSTIMATK 
(CAC 100 in ?KY77) 


S vs tom 


U Willy: 

2. Rotor 

3. Tail 

Ro tor 
Structure 

4. body 

5* Allp.htinp dear* 

St rue Lure 
Controls 

6. Nacelle 

7* Propulsion* 

Dr ive 
Kuo 1 

S* Flight Controls 

9. Auxiliary Power 
\ l. Hydraulics 
l-?* Pneumatics 
M, Kleeirieul 
1 **• Furnishings A Kqutpment 
In* Air Co»ui It toning 
17* Auli- letup, 

IS* Load and Hand l tup. 


Stiht ot a l 

19. In-House Assembly 
Tot a 1 


Ksl l mated 
Actual CAP 



100 


Other 

S • A l i phi i np Coar 

Kol l illy* Assembly 
7. Propulsion 
Power pi an l 
Id. Instruments 
Fqu i pmen t 

l list a l l at It'll . Ml see 1 1 aueous 
14. Av italics 

Kqu i pnent 

lustallat itni , Mi seel l ancons 


Total Other 


Total MTW 


Weight 

Cost 

Cost Per 
Pound 

0 

0 


2,*)% 

201.1 

08 

0 

0 



4.487 

288.0 

04 

( 782) 

( 76.6) 

( 98) 

otti 

66.0 

97 

101 

10.6 

10S 

I/O 

W.2 

109 

( 1,809) 

( 202. n 

( M> 

) , N 1 1 

192.0 

S4 

2 78 

10.J 

17 

1.212 

121.1 

101 

99 

l ■>. 3 

ISS 

212 

12,8 

00 

0 

0 

— 

ss r ) 

S2.S 

9S 

8oo 

.M.6 

40 

14S 

20.0 


14 

A. 8 

141 

2S8 

16.6 

04 

15.0.U 

1,071.9 

09 

■- 

1 1 871.7 


is. on 

2,*»4 7.6 

189 

2.94 1 . 0 

2 . 094 * S 

1.09 



( 

104) 

l 9.0) 

( 1 *) 


104 

9.0 

l 1 

( 

l , 142) 

1 S17.9) 

(401 ) 


142 

S17.9 

401 

t 

172) 

( 1S.‘1) 

( 92) 


111 

12.9 

1 10 


SO 

1.1 

S9 

t 

UU) 

1 92.1) 

(140) 


212 

.17.0 

l / S 

- 

0i_ 

v».. 

00 


2.124 

600. 1 

28 1 

1 

7 , 7 S 2 

1 , V* 7 . 9 

200 


Remainder ot Sv 


tem l tie 1 tided under 


, Vthor, M below* 
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Table 3.7 

CH-53A COST ESTIMATE 
(CAC ioo in $FY77 > 


— - System 

1# Wing 
2# Rotor 
3* Tail 

Rotor 

Structure 

4. Body 

5. Alighting Gear* 

Structure 

Controls 

6. Nacelle 

7. Propulsion* 

Drive 

Fuel 

8. Flight Controls 
9* Auxiliary Power 

11. Hydraulics 

12. Pneumatics 

13. Electrical 

15. Furnishings & Equipment 

16. Air Conditioning 

17. Anti-Icing 

18. Load and Handling 

Subtotal 


19. In-House Assembly 
Total 


Estimated CACjqq 


Actual CAC 


100 


Other 

5. Alighting Gear 

Rolling Assembly 
7. Propulsion 



Powerplant 


10. 

Instruments 


14. 

Equipment 

Installation, 

Miscellaneous* 

Avionics 


Equipment 

Installation, 

Miscellaneous 


Total Other 


Weight 


Cost 


Cost Per 


( 4,295) 
3,919 
376 
1,168 
211 
132 


0 

0 

ruuiui 

,489 

309.5 

69 

673) 

( 52.7) 

( 78) 

367 

26,6 

72 

306 

26.1 

85 

,260 

329.5 

63 

774) 

( 76.0) 

( 98) 

657 

63.7 

97 

117 

12.3 

105 

394 

38.0 

96 


228.8) 

214.9 

13.9 

120.6 

32.7 

8.0 


( 53) 
55 
37 
103 
155 
61 


0 

0 

W 

601 

56.9 

95 

1,289 

58.9 

46 

234 

32.2 

138 

77 

10.9 

142 

439 

27.5 

63 

20,036 

1,382.2 

69 

- 

1*189.1 


20,036 

2,571.3 

128 

2,571.3 



2,787.3 " 

0.92 


( 245) 

( 3.2) 

( 13) 

245 

3.2 

13 

( 1,762) 

( 711.8) 

(404) 

1,762 

711.8 

404 

< 395) 

( 36.6) 

( 93) 

257 

28.3 

110 

138 

8.3 

60 

( 659) 

( 73.5) 

(112) 

406 

58.4 

144 

253 

15.1 

60 

3,061 

825.2 

270 


Total MEW 


23,097 


* Remainder of System included under "Other,” below. 


3,396.5 


147 
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• One design (the CH-47A) is a tandem; 

• Two manufacturers are represented (Sikorsky built the CH-34A and 
CH-53A, and Boeing Vertol built the CH-47A), 

Finally, it is interesting to note .hat the model responded well to 
design differences, as the total estimated costs per pound range from $147 


SECTION 4 

DETAILED SYSTEM WEIGHT ANALYSES 


This section provides a detailed discussion of each weight estimating 
relationship (WER) which was summarized in Table 2.4. Specifically, the 
items included in each system are described, the design and/or performance 
characteristics which were examined in arriving at the best correlation 
with weight are discussed, and alternative WERs are provided. Data which 
were considered in deriving the WERs are presented in tabular form. Also, 
where appropriate, the WERs are presented graphically, together* with the 
data points used. 



A* WING, TAIL, BODY AND NACELLE SYSTEMS 

The structural systems (wing, tail, body and nacelle) are considered 
together because they have similar designs and use similar materials and 
methods of fabrication. 

Wing System Description 

Helicopters typically do not utilize wings, although some more recent 
designs have incorporated small wing stubs to improve aerodynamic character- 
istics or to carry military stores. Unlike the wings on fixed wing aircraft, 
helicopter Wings generally include only a simple box structure and do not 
normally have control surfaces. Therefore, they do not have to accommodate 
flight controls, hydraulic items or fuel systems. They may serve as fairings 
or wheel wells for retracting landing gear. 

Weight Estimatin g Relationship 

Weights pad related information for winged helicopters included in the 
data base are provided in Table 4.1. 

Two explanatory variables, design gross weight (W^) an< * w * n & surface 

area (S ), are included in weight estimating relationships for the wings, 
w 

The WER is: 

2 

Equation r 

W. - -49.967 + .970S + .0212W 0.9385 

1 w g 

2 

The covariance for the two independent variables is low (r * 0.5881). Sur- 
prisingly, design gross weight is a more reliable estimator than wing surface 
area. An equation using the design gross weight as the only variable provides 
an r 2 of 0.8775: W, -* -99.418 + .0309W . Similarly, an equation using sur- 

face area as the variable yields an r of only 0.7689: ■* 136.416 + 2.211S w « 

Other variables which were investigated, especially dive velocity (V D >, 
were found to have no explanatory power. 

The reliability of design gross weight as an estimator compared to 
wing surface area should be treated with caution in view of the small number 
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Table 4.1 


WING SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


WING 

11P DEL . , W 1 ZMEW 

269A 

OH-6A 

TH-57A 

OH-58A 

OH-23G 

OH-13S 

B0105 

286 

UH-lH 

H-52A 

UH-19D 

UH-2B 


DESIGN 

GROSS 

WEIGHT 


WING 

SURFACE 

AREA 


DIVE 

VELOCITY 

D 

V 


AH-16C 

UH-2D 

240 

3.5 

10,000 

59 

210 

YAH-64 

CH-34A 

252 

3.2 

13,950 

71 

204 

CH-21C 

YUH-63 

YUH-61A 

349 

3.6 

15,645 

54 

218 

YUH-60A 

SH-3A 

S-67 

AH-56A 

CH-46F 

CH-47A 

CH-54A 

453 

539 

3.9 

4.5 

17.300 

18.300 

98 

195 


* CH-37A 
YH-16A 

621 

2.9 

30,342 



CH-53A 

347 






Others 






AH-1G 

AH-56 

122 

404 

2.1 

3.4 

6,600 

16,995 

28 

130 

210 


* Not used in developing WER 


of winged helicopters: The data included only seven helicopters with MEWs 

between 6,000 and 13,000 pounds. Therefore, both variables should be in- 
cluded until there is a greater sample of winged models. 

Because there are few data points and two independent variables, the 
wing WER is not presented graphically. 

Tail System Description 

A tail system may not be present on all helicopters, since tandem 
designs do not necessarily require a tail. The usual tail system includes 
all the aerodynamic surfaces and the mounts for the tail rotor. The heli- 
copter tail is a simple structure similar to the wing structure in that 
control surfaces are not usually incorporated. The tail rotor and the main 
rotor are defined similar]/'. 

Weight Estimating Relationships 

Weights for the tail structure, tail rotor and their total are sum- 
marized in Table 4.2, together with relevant characteristics. 

Tail Structure 

A single WER was developed for the tail structure, encompassing both 
single and tandem helicopters. It is: 

Equation r 2 Notes 

W 3B " ~ 17 - 872 + 2.829S tt + K t 0.9178 Single: K t - 0 

Tandem: K t - -111.1 

A reasonable fit using the combined areas of horizontal and vertical 
tail surface area was achieved. With the exception of the CH-34A and CH-37A, 
the single helicopters, including the larger ones, were fairly close to the 
trend line. 

The three tandem models for which data were available were signif- 
icantly lighter than the single helicopters by an average of 111.1 pounds. 
This is denoted by K^. As the three tandem models are clustered closely 
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Table 4.2 


TAIL SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


DESIGN TAIL MAIN TAIL NUMI 

GROSS SURFACE ROTOR ROTOR 01 


MODEL 

TAIL 

w 3 

%MEW 

ROTOR 

W 3A 

STRUCTURE 

W 3B 

269A 

9 

1.0 

5 

4 

0H-6A 

2.3 

1.9 

7 

16 

TH-57A 

34 

2.2 

8 

26 

OH-58A 

32 

2.1 

10 

22 

OH-23C 

21 

1.1 

17 

4 

0H-13S 

17 

0.9 

8 

9 

B0105 

56 

2.4 

22 

34 

286 

69 

2.3 

29 

40 

UH-1H 

84 

1.6 

30 

54 

H-52A 

106 

1.9 

53 

53 

UH-19D 

101 

1.8 

60 

41 

UH-2B 

96 

1.6 

68 

28 

AH-16C 

151 

2.2 

73 

78 

UH-2D 

216 

2.8 

104 

112 

YAH-64 

237 

3.0 

85 

152 

CH-34A 

260 

3.3 

74 

186 

CH-21C 

162 

1.8 


162 

YUH-63 

184 

1.9 

84 

100 

YUH-61A 

344 

3.5 

76 

268 

YUH-60A 

346 

3.4 

105 

241 

SH-3A 

222 

1.9 

99 

123 

S-67 

468 

4.0 

103 

365 

AH-56A 

287 

2.4 

130 

157 

CH-46F 





CII-4 7A 





CH-54A 

519 

2.7 

360 

159 

C1I-37A 

570 

2.7 

345 

225 

YI1-16A 

133 

0.6 


133 

CH-53A 

673 

2.9 

367 

306 

?47 





Others 





0H-4A 

18 


11 

7 

H-43B 

136 



136 


* Not used in developing WER. 

** Single main rotor unless designated T 


WEIGHT 

AREA 

CON- 

RADIUS 

ELAI 

W 

£ 

s tt 

FIG.* ** TRR 

N > 

1,600 

4.1 




2,400 

12.3 


2.1 

r 

d 

2,900 

19.9 


2.6 

d 

3,000 

18.6 


2.6 

d 

2,800 



2.8 

* 

* 

2,850 

8.7 


2.9 

f 

4 

4,630 

19.2 


3.1 

4 

4,700 

19.1 


3.3 

4 

6,600 

31.3 


4.3 

4 

7,500 

37.0 


4.4 

4 

7,100 

23.8 


4.4 

4 

7,378 

15.0 


4.0 


10,000 

29.0 


5.1 


10,187 

49.0 


4.0 


13,950 

66.4 


4.2 

l 

11,867 

75.3 


4.8 

t 

13,300 

101. 0 

T 



15,645 

57.3 


4.8 


15,313 

78.3 


5.0 

i 

16,250 

106.4 


5.5 

i 

18,064 

46.7 


5.0 


17,300 

120.0 


5.2 


18,300 

56.4 

T 

5.0 

l 



T 



38,000 

42.7 


8.0 

‘ 

30,342 

112.0 


7.5 

1 

34,000 

100.0 

T 



33,500 

93.4 

T 

8.0 

* 


2,900 

7.9 


2.6 

6,418 

87.8 

T 



Tandem, 




together without a well-defined slope of their own, it can be hypothesized 
that their slope is similar to single models. 

The only other variable considered was design gross weight, but its 
r 2 is only 0.5506 and adds nothing to the explanatory power of total surface 
area. 

The WERs for tail structure are presented graphically in Figure 4.1, 
together with the data from which they were derived. 


Tail Rotor 

Two WERs were developed for the tail rotor to meet the needs of the 


user : 


2 


Equation £ 

In W 3A = - 8.327 + 1.352 £n W g 0.9497 

W = -29.916 + . 0102W 0.9180 

3A 6 

The log-linear relationship is the stronger and yields positive values for 
all tail rotor and gross weight combinations. Due to the small size of tail 
rotor blades and lack of data for most helicopters, a usable planform area 
statistic equivalent to that of the main rotor could not be derived. Another 
possible derived statistic (tail rotor radius multiplied by the number of 
blades) yields an r 2 of 0.89 in log-linear form, but high covariance with 
design gross weight prevents it from adding any explanatory power. As in 
the case of the main rotor, which will be discussed later, separate equa- 
tions derived by grouping according to the number of blades add no additional 


information. 


The linear equation has a large negative intercept in relation to the 
design gross weight coefficient, and yields negative values for models with 
design gross weights of less than 3,000 pounds. it can, however, be aggre- 
gated with other systems for future investigation (e.g., all structure sys- 
tems as a group). 

Both the Linear and logarithmic tail rotor WERs and the data from which 
they were derived are presented graphically in Figure 4,2. 
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Bo dy .System Descrip tion 

The body system consists of the fuselage shell structure, door and 
window frames, doors, windows, floors, bulkheads, cockpit windshield, and 
radome. Door actuation mechanisms, airstairs (when installed) and loading 
ramp3 are also included. 

Body system weights and surface areas are provided in Table 4.3 for 
helicopters included in the data base. 

Weight Estimating Relat ionship 

The following WER was obtained for helicopter bodies: 


W 4 « -269.023 + 2.356S b 0.9684 

Variances from the trend line due to body configurations (glass sur- 
face area, doors, armor plate for attack models, etc.) and other performance 
characteristics (e.g., number of passengers) are not statistically significant 
and add nothing to the r 2 . Total body surface area is by far the most reli- 
able explanatory variable for body weight. The lb/ft 2 ratio is fairly con- 
stant throughout the range of helicopters at approximately 2.2, but declines 
slightly for the smaller models to about 2.05 due to thinner fuselage struc- 
ture. 

The body WER is presented graphically, together with the data from 
which it was derived, in Figure 4.3. 

Nacelle System Desc ript ion 

The nacelle system includes the engine mount, firewall and cowl struc- 
ture, engine air inlet, oil cooler scoop and miscellaneous installation hard- 
ware. 

Nacelle system weights and related characteristics are presented in 
Table 4.4. 
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Table 4.3 


BODY SYSTEM WEIGHT, PI KKORMANOK AND DESIGN DATA 


BODY 

SURFACE 


MODE!. 

BODY 

W 4 

?.MRW 

AREA 

S b 

209A 

125 

12.7 


OII-hA 

242 

20,1 

205 

TH-57A 

335 

21.8 

244 

01I-58A 

312 

21.5 

24 7 

011—23%.: 

248 

13.0 


01I-13S 

221 

11.5 

121 

uoto r > 

4 72 

20.2 

277 

28t> 

49b 

1 6 . 6 

262 

Dll-lH 

1,035 

19.8 

626 

H-52A 

1, 26 J 

22.0 

849 

1’H- 1 *>|) 

985 

1 (>.9 

640 

IUI-2B 

1,259 

21.3 

609 

Ail- 1 t>c 

1,327 

19.2 

469 

i;n-2D 

l , 394 

18.3 

738 

YAll-t'A 

1,311 

1 o. 7 

606 

CH-.UA 

1 , 044 

13.4 

817 

011-2 ! tt 

1,884 

20. t> 

1,180 

Ytll-ivl 

1,72b 

17.7 

623 

YHI-olA 

1 , t>48 

1 t) . vS 

757 

Yt'li-tiOA 

1,729 

1 6 . 9 

805 

SH- 1A 

2,009 

17.5 

1,112 

S-n / 

l, 695 

14.4 

94 3 

All-*.'.* 

1,872 

15.5 

84 7 

0-4 uK 

3,12b 

23.5 

1,452 

'Jl-4/A 

4,487 

25.3 

2,150 

CII-V.A 

2,685 

14.0 

1,199 

cn~ m : 

3,24 V 

IS. 1 

1,553 

Yll-1 f»A 

5,424 

23.9 

2,300 

Cll- » i.\ 

5, 2('0 

22.8 

2,262 

34 7 

6,259 

25.2 

2,587 

Of hors 

Oh- «A 

359 


24 1 

11-4 IB 

90 l 


486 


Set used in developing WKK • 
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Table 4.4 



NACELLE SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 




NACELLE 

W 6 


NACELLE 

SURFACE 

AREA 

c 

ENGINE 

NUMBER 

OF 


MO!) IX 

%MKW 

o 

n 

TYPEt 

JNCINES 

* 

269A 

7 

0.7 


1 

1 

* 

OH- 6 A 

8 

0.7 


2 

1 


Tlt-5 7 A 

32 

2.1 

50.0 

o 

1 


OH-58A 

36 

2.3 

50.0 

2 

1 

* 

011-2 30 

79 

4.1 


1 

1 

A 

Oil - 1 3S 

37 

1.9 


1 

1 

A 

liOU) 5 

25 

1.1 


1 

2 

A 

28 6 

12 

0.4 


2 

1 


l-H-Ut 

114 

•) O 

*- • — 

82.7 

2 

1 


I1-52A 

63 

1.1 

4 0 • 0 

2 

l 

A 

ni-iw 

14 7 

2.5 


1 

1 


UH-2B 

161 

2.7 

no.o 

2 

1 


aji-uh: 

180 

2.6 

114.0 

2 

1 


ni-:n 

371 

4.9 

161.0 

2 

» 


V AH— o A 

123 

1.6 

115. 7 

o 

2 

A 

at- \ iA 

150 

1.8 


1 

J 

* 

ai-2ic 

89 

1.0 


1 

' 


\th-bi 

252 

2.6 

105.0 

2 



vrii-o 1 A 

210 

2.1 

48, 0 

2 

'> 


\TH-oOA 

155 

1.5 

73.0 

1 

2 

A 

SH-3A 

131 

1.1 


2 

2 

* 

s-<»7 

156 

1.3 

4 3.0 

l 

•> 


Atl-5«»A 

231 

1.9 

119.0 

2 

1 

* 

at- »oi- 

71 

0.5 


2 

» 


ni-*7A 

176 

1.0 

108.0 

2 

2 

A 

ai-ViA 

66 

0.3 


*> 

2 

A 

at- v,w 

1,098 

5.2 


1 

•> 

A 

Yil-thA 

119 

0.5 


2 

■3 


at- 1 ) u 

39 *♦ 

1.7 

1 78.0 

2 

2 


:u 7 

19] 

0.8 

108.0 

2 

2 


()t In’ rs 






A 

OII-4A 

25 



2 

l 

A 

tUi-25 R 

60 






it- i 3B 

75 


29.0 

2 

1 


All- 10 

U7 

2.6 

104.0 

) 

1 


I’ll- IN 

197 

3.3 

104 .2 

2 

2 


AH-U 

20 1 

3.3 

117.0 

2 

2 


* Not used in dove 

lop inp 

WKR. 




I t.m'ino 

Typos: 1 

— Roc 

iprocating; 2 - Turhoshufl« 
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Weight Estimating Relationsh ip 

The following WER was derived for the nacelle: 

2 

Equation __ r Notes 

W 6 « -64.779 + 2.401S q 0.9050 External, body-mounted 

witnout armor 

Surface area is the only reliable estimator for nacelle weight. Models 
which have their naceller located iu the fuselage (including all the recip- 
rocating-engine helicopters in the sample) have surface areas and weights 
which are insignificant and, therefore, were not included in the sample. The 
advanced attack and UTTAS models, whose nacelle weights are generally higher 
due to armor-plating provided for protection against small-arms fire, and 
one model (the CH-37A) in which the engine is located on the wing, were also 
excluded. As there is no significant difference between one- and two-engine 
models, all the helicopters included can be represented by one equation. 

Analysis indicated that no other variable adds any explanatory power 
to the equation. 

The WER for the nacelle is illustrated in Figure 4.4, together with 
the data from which it was derived. 
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B* * ROTOR SYSTEM 



Rotor System Descriptio n 

The rotor system consists of the blade assembly and the hub and hinge 
assembly* The blade assembly includes the interspace structure, leading 
and trailing edges, tips (if not integral), balance weights, and mounting 
hardware and blade foldings. The hub and hinge assembly includes the yoke, 
universal joints, shafting between the rotor system and the drive box, 
spacers and bushings, lubrication system, fittings, pins, drag brace, reten- 
tion strap assembly, and fasteners and miscellaneous hardware. 

WERs were developed for the complete rotor system and for the blade 
and hub and hinge assemblies separately. 


Weight Estimating Relationships 

Weights for the blade and hub and hinge assemblies and for the com- 
plete main rotor are presented in Table A. 5, together with other related 
information for helicopters included in the data base# 


The following WERs were obtained for the main rotor system: 

2 


Equation 


W. - -194.685 + 12.164S , 

2 pi 


Notes 


W 2A - - 88.742 4 


6.403S 


W 


2B 


- -105.943 + 5.761S 


Pi 

Pi 


0.9774 Total rotor 
0.9713 Blade assembly 
0.9626 Hub and hinge 


The blade planform surface area (S ^) is the most convenient variable for 
this system. It is determined by the multiplication of three components: 
blade length,* blade chord, and number of blades (per hub). Due to high 
covariance between blade length and chord, and to low correlation between 
weight and number of blades, a multiple regression with separate coeffi- 
cients for each component does not improve the fit significantly. There 


* Blade length is shorter than blade radius , which is the distance from 
hub center to blade tip. 
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Table 4,5 


ROTOR SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


PLANFORM MAIN 


MODEL 

ROTOR* 

W 2 

%MEW 

BLADE 

ASSEMBLY 

W 2A 

HUB & 
HINGE* 

W 2B 

SURFACE 
AREA 
S , 

pV _ _ 

ROTOR 

CON- 

FIG.** 

TYPE*** 

NUMBER C 
BLADES 

N b 

269A 

115 

11.7 

66 

49 

20.1 


A 

3 

0H-6A 

174 

14.5 

109 

65 

26.0 


A 

4 

TH-57A 

277 

18.0 

187 

90 

31.9 


x t 

2 

OH-58A 

281 

18.2 

190 

91 

33.9 


T f 

2 

OH-23G 

311 

16.3 

163 

148 

32.2 


T t 

2 

0H-13S 

284 

14.7 

182 

102 

32.5 


V 

2 

110105 

462 

19.7 

264 

198 

45.6 


R 

4 

286 

726 

24.4 

427 

299 

68.3 


R 

4 

UH-1H 

742 

14.2 

406 

336 

76.9 


T » 

2 

H-52A 

785 

14.1 

425 

360 

92.5 


A 

3 

UH-19D 

786 

13.5 

422 

364 

92.5 


A 

3 

UH-2B 

1,329 

22.5 

720 

609 

124.2 


A 

4 

A1I-16C 

1,400 

20.3 

675 

725 

111.4 


T * 

2 

UH-2D 

1,325 

17.4 

720 

605 

124.8 


A 

4 

YAH- 64 

1,207 

15.4 

664 

543 

150.0 


A 

4 

CH-34A 

1,313 

16.8 

652 

661 

129.1 


A 

4 

CM— 2 1 C 

672 

14.7 

339 

333 

76.3 

T 

A 

3 

YUH-63 

1,656 

17.0 

979 

677 

174.9 


T* 

2 

YUIl-61 A 

1,645 

16.7 

1,052 

593 

145.1 


R 

4 

YUH-60A 

1,558 

15.3 

809 

749 

160.0 


A 

4 

SH-3A 

2,328* 

20.3 

1,012 

1,316* 

186.3 


A 

5 

S-67 

2,348 

20.0 

1,039 

1,309 

186.3 


A 

5 

All-56 A 

2,372 

19.6 

1,239 

1,133 

184.0 


R 

4 

CII-46F 

1,212* 

18.2 

459 

753* 

93.1 

T 

A 

3 

CH-47A 

1,498 

16.9 

805 

693 

136.5 

T 

A 

3 

CH-54A 

4,052 

21.1 

2,115 

1,937 

315.7 


A 

6 

CH-37A 

3,251 

15.3 

1,749 

1,502 

272.6 


A 

5 

YH-16A 

2,268 

20.0 

1,099 

1,169 

244.6 

T 

A 

3 

CH-53A 

4,489* 

19.4 

2,120 

2,369* 

348.7 


A 

6 

347 

2,527 

20.4 

1,370 

1,157 

225.2 

T 

A 

4 

Others 









OH-4A 

250 


157 

93 

28.8 


T t 

2 

UH-25B 

273 


136 

137 

52.8 

T 

A 

3 

H-43B 

422 


351 

71 

61.3 

T 

T* 

2 

CH-53E 

6,164* 

19.8 

2,922 

3,242* 

451.8 


A 

7 


* Weights include blade foldings; models with foldings (designated *) were 
normalized by excluding folding weights when calculating WERs. 

** Single main rotor unless designated T « Tandem; note that weights and WERs 
for tandem models are for one rotor only, 

*** A * Articulated; R » Rigid; T ,=! Teetering. 
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were no significant differences between rotor type (articulated , teetering, 
rigid) in determining weight estimates, or between simple and tandem models. 

The WER for the main rotor is illustrated m Figure 4.5, together 
with the data from which it was derived. 
























c. 


ALIGHTING GEAR SYSTEM 


Alighting Gear System Description 

Helicopters have two general types of alighting gears. Smaller heli- 
copters (under about 3,000 pounds MEW) usually have skids which are fixed 
runners and which support the airframe on landing. Larger helicopters 
generally have fixed wheel-type alighting gears to enable them to be towed 
on the ground and to take off non-vertically. This system includes landing 
gear structure, which is made up of struts, side and drag braces, trunnions 
and attachment fittings. The alighting gear controls include components 
for braking, steering and retraction (on a few newer models). They also 
include lines from the cockpit controls to the landing gears. The rolling 
assembly includes wheels, brakes and tires. 

Weight Estimating Relationships 

Weights and design characteristics of the helicopter alighting gears 
included in the data base are provided in Table 4.6. 

Separate WERs were derived for skid and wheeled alighting gears: 

gaP. ? . tlo n r 2 Notes 

W 5 = 161.361 + .0117W g - 17.480V sg 0.8061 Skid 

W 5 - 85.875 + .0304W g SS 0.9218 Wheeled 

W 5 * - 5 * 489 + -0342W g 0.9347 All 

Wheeled gears were reliably estimated by design gross weight. Other 
pertinent performance criteria (vehicle sink speed-- V -- oleo travel and 
oleo length) added nothing to the explained variation^ designed gross 
weight. Nor was there any statistical difference between the various sub- 
types of wheeled gears (conventional, tail, etc.) or between the locations 
of gears (fuselage, wing, etc.) 

Skid-type gears are placed on small helicopters whose MEW does not 
exceed about 5,000 pounds. Unlike wheeled gears, a second performance 
characteristic, V gs , improves the r 2 for skid gears significantly. A 


t 


Table 4.6 



t. i 



F'y 

, M 

y 

tihJM- +- 


ALIGHTING GEAR SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


MODEL 

ALIGHTING 

GEAR 

W 5 

%MEW 

DESIGN 

GROSS 

WEIGHT 

W 

g 

VEHICLE 

SINK 

SPEED 

V 

ss 

TYPE 

OF 

GEAR 

OLEO 

TRAVEL 

OLTRV 

OLEO 

LENGTH 

LOLEO 

269A 

53 

5.4 

1,600 

8.00 

Skid 

3.5 


OH- 6 A 

70 

5.8 

2,400 

6.00 

Skid 

3.3 


TH-57A 

45 

3.0 

2,900 

8.00 

Skid 



OH-58A 

35 

2.6 

3,000 

8.00 

Skid 



t OH-23G 

88 

4.6 

2,800 


Skid 



OH-13S 

54 

2.8 

2,850 

8.00 

Skid 



BO 105 

94 

4.0 

4,630 

8.25 

Skid 



286 

142 

4.8 

4,700 

6.00 

Skid 



UH— III 

121 

2.3 

6,600 

6.00 

Skid 



H-52A 

485 

8.7 

7,500 

8.00 

Roll 

14.0 


UH-19D 

287 

5.0 

7,100 

10.00 

Roll 

10.6 


UH-2B 

343 

5.8 

7,378 

10.00 

Roll 

3.5 

47.0 

AH- 1 6C 

134 

1.9 

10,000 

8.00 

Skid 



UH-2D 

424 

5.6 

10,187 

8.00 

Roll 

2.2 

47.0 

YAH-64 

396 

5.0 

13,950 

10.00 

Roll 

16.7 

74.0 

CH-34A 

475 

6.1 

11,867 

8.00 

Roll 

11.0 


CH-21C 

522 

5.7 

13,300 

8.00 

Roll 

11.3 

80.0 

YUH-63 

497 

5.1 

15,645 

10.00 

Roll 

14.0 

48.3 

YUH-61 A 

500 

5.1 

15,313 

12.00 

Roll 

30.0 

76.0 

YUH-60A 

659 

6.4 

16,250 

10.00 

Roll 

13.0 

71.0 

SH-3A 

748 

6.5 

18,064 

8.00 

Roll 

12.0 

37.4 

S-67 

656 

5.6 

17,300 

8.00 

Roll 


12.0 

AI1-56A 

653 

5.4 

18,300 

10.00 

Roll 

11.2 

55.3 

CH-46F 

591 

4.4 

20,800 

8.00 

Roll 

11.0 

45.0 

CH-4 7A 

1,086 

6.1 

33,000 

8.00 

Roll 

9.2 

61.6 

* CH-54A 

1,794 

9.3 

38,000 

8.00 

Roll 



CU-37A 

983 

4.6 

30,342 

8.00 

Roll 

13.5 


YU— 1 6 A 

1,244 

5.5 

34,000 

8.00 

Roll 

12.9 

32.0 

CH-53A 

1,019 

4.4 

33,500 

8.00 

Roll 

12.0 

35.5 

* 34 7 

1,114 

4.5 

42,500 

8.00 

Roll 

11.7 

65.6 

Others 








f OU-4A 

43 


2,900 


Skid 



U1I-25B 

185 


5,750 


Roll 



H-43B 



6,418 

5.50 

Roll 

9.0 

23.0 


* Not used in developing TOR. 

+ Not used in developing skid WKR. 
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simple regression £or skid landing gears on gross weight would be: V « 

10.557 + .0186W g . This gives an r 2 of only 0.5660, but adding V raises 
the r to 0.8061. Due to the narrow range of gross weight for skid-tvpr 
helicopters and to the low r 2 , its slope and intercept cannot be regarded 
as statistically distinct from the wheeled equation. Therefore, both the 
skid-type and the wheeled models can be represented adequately by the 
overall equation. V gg adds nothing to this equation. 

The combined WER is illustrated in Figure 4.6. together with the 
data from which it was developed. 
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D* PROPULSION SYSTEM 
Propulsion System Descriptio n 

The propulsion system includes throe main subsystems! the power- 
plant , the drive, and the fuel system, The powrpiant subsystem includes 
the dry engine, residual fluid;* and installation hardware d* welt ns rc- 
1 atod components : start or, air Inductor, exhaust and cooling items , lubri- 

oat ten systems and the engine controls* The drive subsystem includes the 
gear speed reducers, transmission drive, rotor bioke and shaft, and lube 
system* The fuel subsystem includes the fuel fill and drain system, fuel 
distribution system, fuel vent plumbing and fuel tanks. 

Separate WERs wore developed for each of these subsystems* 

UViidi t Est imat tug Rolnt lo n sM p s 

Weights of each of the main propulsion subsystem* arc presented in 
Table 4*7, together with relevant performance and design characteristics 
for those helicopters included in our data base, 

IVworplant 

Helicopters were grouped according to the type (reciprocating and 
turhoshnft) and number (single or twin} or engines, in order to achieve 
satisfactory results. Weight for helicopters in each grouping was then 
correlated with several independent variables. As indicated by the following 
WERs, engine horsepower was found to provide the host estimates of power 
p 1 ant we i ght : 



Etpiut Ion 


r" 

Notes 

U ” 
W 7A 

304.483 + l 

.027MP 

e 


Rcc ipracat Ing, 1 engine 

M 7A * 

211.346 + 

.229UP 

e 

0,^dl7 

Roe 1 procat log, 2 engines 

U 7A * 

l .10.24 J + 

. ho* HP 

e 

0.S2M 

Turboshaft , I engine 

H 7A " 

403.198 + 

. 1 92m* 

0 

0*^1 7b 

Turbo sha f t , 2 engines 
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Table 4.7 

PROPULSION SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


POWER 


MODEL 

PROPULSN 

W 7 

%MKW 

PLANT 

W 

7A 

DRIVE 

W 7B 

FUEL 

W 7C 

:<>9a 

503 

51.1 

336 

142 

25 * 

PII-6A 

341 

28.3 

192 

113 

36 

i 

NJ* 

> 

396 

25.8 

194 

176 

26 

OH— 38 A 

419 

27.1 

165 

215 

39 

OH-23C 

771 

40.5 

551 

198 

22 

OH-13S 

845 

43.4 

588 

155 

102 * 

BO 105 

804 

34.3 

348 

395 

61 

?8o 

865 

29.0 

369 

440 

56 

till- 111 

1,632 

31.2 

683 

658 

291 

H-52A 

1,115 

20.0 

360 

621 

13A 

UH-190 

2,525 

43.3 

1,244 

1,064 

217 

0H-2B 

1,467 

24.8 

635 

733 

99 * 

AH- i (>C 

1,912 

27.7 

835 

825 

252 * 

l r H-2D 

2,365 

31.0 

805 

1,361 

199 

YAH-64 

2,687 

34.2 

1,089 

1,101 

497 

ch-:i4a 

3,189 

40.9 

1,737 

1,091 

361 

CM- 2 1 C 

3,371 

36.8 

1,809 

1,393 

169 

YUH-63 

3,020 

31.0 

1,093 

1,523 

404 

YUII-61A 

2,767 

28.2 

831 

1,576 

360 

YUH-60A 

2,730 

26.7 

862 

1,405 

463 

SII-3A 

2,724 

23.8 

701 

1,763 

260 * 

S-67 

3,466 

29.4 

941 

2,123 

402 * 

AU-56A 

2,895 

24.0 

969 * 

1,680 

246 

Cl 1-4 6 F 

3,235 

24.3 

951 

2,010 

274 

Cl 1-4 7 A 

5,151 

29.0 

1,342 

3,531 

278 

CH— 54A 

6,857 

35.7 

2,185 

3,797 

875 

CII-37A 

8,419 

39.6 

5,516 * 

2,567 

336 

YII-16A 

7,822 

34.5 

3,^06 * 

3,679 

437 

CH-53A 

6,057 

26.2 

1,762 

3,919 

376 

347 

6,881 

27.7 

1,741 

3,796 

1,344 

Olivers 






01 1-4 A 

390 


199 

159 

32 * 

UK- 2 5 11 

1,667 


1,020 

587 

60 * 

11-4 315 

1,542 


697 * 

730 

115 * 


* Not used in developing WER„ 



Table 4.7 (Continued) 



PROPULSION SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


MODEL 

HORSE- 

POWER 

HP 

e 

DESIGN 

CROSS 

WEIGHT 

W 

_ & .... 

FUEL 

QUANTITY 

G 

ENGINE 

TYPEt 

NUMBER 

OF 

ENGINES 

ENGINE 

RPM 

GEAR 

BOX 

RATIO 

GBR 

269A 

ISO 

1,600 


1 

1 

2,900 

6.01 

OH- 6 A 

250 

2,400 

62 

2 

1 

6,180 

12.80 

T11-57A 

317 

2,900 

76 

2 

1 

36,050 

101.73 

OH-58A 

317 

3,000 

73 

2 

1 

36,050 

101.73 

OH-23G 

305 

2,800 

46 

1 

1 

3,200 

8.66 

OH-13S 

260 

2,850 


1 

1 

3,200 

9.00 

BO 105 

600 

4,630 

154 

1 

2 

6,000 

14.10 

286 

550 

4,700 

82 

2 

1 

6,230 

17.55 

UH-1H 

1,103 

6,600 

211 

2 

1 

21,189 

67.50 

H-52A 

1,050 

7,500 

325 

2 

1 

18,970 

89.50 

UH-19D 

800 

7,100 

175 

1 

1 

2,400 

11.31 

UH-2B 

1,250 

7,378 


2 

l 

19,500 

70.41 

All— 1 6C 

2,050 

10,000 


2 

1 

14,500 

49.00 

UH-2D 

2,500 

10,187 

276 

2 

2 

6,000 

20.80 

Y All-64 

3,000 

13,950 

353 

o 

2 

20,000 

69.77 

C! 1-34 A 

1,525 

11,867 

263 

1 

1 

2,500 

11.31 

CH-21C 

1,425 

13,300 

300 

1 

1 

2,700 

9.71 

Yl'H-63 

3,000 

15,645 

343 

2 

2 

20,000 

72.46 

Y0H-61A 

3,000 

15,313 

352 

2 

2 

20,000 

67.60 

YMI-bOA 

3,036 

16,250 

343 

1 

2 

20,000 

76.04 

S11-3A 

2,500 

18,064 


2 

2 

18,966 

93.46 

S-o7 

3,000 

17,300 


1 

2 

19,700 

93.46 

A1I-56A 

3,925 

18,300 

438 

2 

1 

13,600 

55.30 

CH-46F 

2,600 

20,800 

380 

2 

2 

19,500 

73.77 

CH-47A 

4,400 

33,000 

620 

2 

2 

14,750 

66.00 

CH-54A 

9,600 

38,000 

1,342 

2 

2 

9,000 

48.54 

C1I-37A 

4,200 

30,342 

410 

1 

2 

2,600 

14.01 

YH-16A 

3,600 

34,000 

700 

2 

2 

6,400 

97.61 

CH-53A 

5,700 

33,500 

638 

2 

2 

13,600 

73.51 

347 

7,500 

42,500 

1,200 

2 

2 

15,690 

64.00 

Others 








OH- 4 A 

250 

2,900 


2 

1 

36,050 

15.21 

UH-25B 

525 

5,750 


1 

1 



H-43B 

860 

6,418 


2 

1 

6,680 

28.41 

t Engine Typos: 

1 - Reciprocating; 

2 - Turboshaft. 
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The WERs are presented graphically together with the data from which 
they were derived in Figure 4.7. 

2 

Although design gross weight gave r s similar to those obtained using 
engine horsepower for single engine helicopters, engine horsepower was 
found to be much better for two-engine models, especially for turboshaft 
models* Due to high covariance, neither weight nor any other related 
characteristic (e.g., engine RPM, gear-box ratio) improved the coefficient 
of variation significantly. Both engine horsepower and design gross weight 
yielded signif icantlv different slopes for single engine, reciprocating 
models, making a single equation for all categories inappropriate. 

Separate equations for engines and powerplant residual (air induction 
exhaust and cooling, engine controls, starter system) were also obtained. 

For the engines, the following WERs were derived: 

2 

Eqiiat ion r Notes 


W 7A« 

- 243*592 + .796HP 

e 

0.9492 

Reciprocating, 1 engine 

W 7A’ 

- 161.776 

+ . 192HP 

e 

0.9226 

Reciprocating, 2 engines 

W /A’ 

- 98.120 

+ .243HP 

e 

0.8458 

Turboshaft, 1 engine 

W 7A' 

- 249.094 

+ . 179HP 

e 

0.9540 

Turboshaft, 2 engines 


As engines comprise 75 to 80 percent of the powerplant, the WERs are com- 
parable. Correlations are also similar. As with the entire powerplant, 
engine correlations were lower for gross weight and RPM for all model types 

Separate equations for the powerplant residual were harder to derive, 
but workable WERs for single engine models were obtained: 

2 

Equation r^ Notes 

W?ah 25 60*891 4* ,230HP e 0*7854 Reciprocating, 1 engine 

W 7A" ” 32*123 + # l26HP e 0.5853 Turboshaft, 1 engine 

WERs for two-engine models could not be derived due to lack of correlation 
with any relevant performance characteristic. Nonetheless, the following 
constants were calculated: 










K el Rht Estimate 
W ?v , - 141 


Standard 

Deviation 


Notes 


W 


7A" 


241 


125 

65 


Reciprocating, 2 engines 
Turboshaft, 2 engines 

.'.XTtte :z:i: wti °- s foc “ 8i, ' es and i, ' >ucrpia " t *° ■><>< 

Drive 

A single VCR „„ found to be apl)roprIate fot al) syateiis; 

2 


Equat ion 


W. 


-35.551 + .101 Wg 0.9657 

Is the best exolnn^ #■/%«•«• . 

2 


76 

D ; s ;:; 8 r s :: tv s thc be,t a * pu " a ‘^ -«•«• *» ^ 


•ytc, yielding . hls „ f 2 . . . v ‘™ ple '“is s „b- 

efficient of d.t.r.iJtloVi. dl<i "° C haV,! “ hle " * 

engines etc ) b t ^ CatCROry ^ type of en 8 lne > number of 

for ic;! :: r ::; h v airly 8ood estimator ’ vith r2 ° «-*- o . 70 

models. Results for RPM ' 7 ^ ^ ^ ^ tUrb ° Sl ' aft ' Sin * le “8*«« 

for the varlah Mtl ° ^ hi ^ erratic. The r 2 * 

he variables considered are summarized below: 


-Type 

Recip. 

Recip. 

Turbo. 

Turbo. 


Number 

of 


1 

2 

1 

2 


Design 

Gross 

Weight 

Engine 

Horse 

Power 

RPM 

Gear 

Box 

Ratio 

.9055 

.8636 

.6777 

.5369 

.8814 

.8192 

.8146 

.9540 

.9713 

.9270 

.1681 

.0001 

.9359 

.7008 

.1459 

.1104 

t estimator 

• As the 

differences in 


Number 
HC in 


6 

3 

11 

10 


tion for i y leant, an overall equa* 

zz . zt : r~ u wrtoM ’ - 

weak overall \ ^ ^ P trfcn “e characteristics vary widely and yield 
weak overall results when combined. 
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The drive system WER and the data upon which it is based are presented 
in Figure 4.8. 

Fuel System 

The following WER was derived for fuel systems; 

2 

Equation r 

W ?c - 10*974 + . 790G 0.7732 

Fuel capacity (gallons) is the only candidate variable with an acceptable 
correlation. Number of tanks was also considered separately. Some dif- 
ferences were detected between protected and unprotected tanks, but separate 
equations for tanks alone had weak correlations (0.5 to 0.6) • Also, tanks 
comprise only a fraction (25 to 30 percent) of the fuel system, which further 
dilutes the importance of tank protection as a variable. It is suggested 
that weights of fuel systems with protected (unprotected) tanks be raised 
(lowered) by a factor of 0.25. Many models have both types of tanks, and 
their weight estimates should be adjusted accordingly. 

The fuel system WER and the data upon which it is based are presented 
in Figure 4.9. 
































E. FLIGHT CONTROLS SYSTEM 
Flight Controls System Description 

The helicopter flight controls system includes: cabin controls (cyclic 

control column, collective pitch levers and rudder or tall rotor pedal); 
mechanical operating mechanism (swash plate, stabilizing bar, linkages, bear- 
ings and levers, bellcranks); hydraulic controls; fluid; and miscellaneous 
hardware. 

Weight Estimating Relationship 

Weights and related information for the flight controls system are 
provided in Table 4.8. 

Design gross weight is the only reliable estimator for flight controls 
weight. The WER is presented below: 

2 

Equation r 

W Q * 62.025 + .0334W 0.9475 

8 g 

Even though flight controls are strongly related to the main rotor 
function, rotor characteristics add no additional explanatory power to 
the equation; varying rotor types (hingeless, articulating, etc.) make no 
statistical difference. 

Weights for the tandem models are consistently higher than for the 
overall trend line by about 55 pounds, but this is not significant in view 
of the average flight control weight (535 pounds) and standard deviation 
(373 pounds). The actual tandem weights would fall well within any standard 
confidence intervals. Similarly, data for UTTAS and AAR models (weakly) 
suggest higher weights than those predicted by the equation; the differences 
are, however, not significant. 

Finally, the presence of wings (as a flight control device) is not sig- 
nificant. Although one might expect flight controls weights to be affected 
by wings, models with wings appear on both sides of the trend line. 

The WER and the data from wnich it was derived are presented in Figure 

4.10. 
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Table 4.8 

FLIGHT CONTROLS SYSTEM WEIGHT. PERFORMANCE AND DESIGN DATA 


MODEL 

FLIGHT 

CONTROLS 

W 8 

\ 

ZMEW 

DESIGN 

GROSS 

WEIGHT 

W 

e 

269A 


51 

5.2 

1,600 

CH— 6A 


65 

5.4 

2,400 

TH-57A 


133 

8.7 

2,900 

OH-58A 


125 

8.1 

3,000 

OH-23G 


108 

5.7 

2,800 

OH-13S 


153 

7.9 

2,850 

B0I05 


189 

8.1 

4,630 

286 


327 

11.0 

4,700 

UH-1H 


357 

6.8 

6,600 

H-52A 


353 

6.3 

7,500 

UH-I9D 


164 

2.8 

7,100 

UH-2B 


301 

5.1 

7.378 

AH-I6C 


469 

6.8 

10,000 

UH-2D 


300 

3.9 

10, 187 

YAH-64 


419 

5.3 

13,950 

CH-34A 


378 

4.8 

11,867 

CH-21C 


561 

6.1 

13,300 

YUH-63 


596 

6.1 

15,645 

YHH-61A 


721 

7.3 

15,313 

YUH-60A 


694 

8.2 

16,250 

SH-3A 


654 

5.7 

18,064 

S-67 


780 

6.6 

17,300 

* AH-56A 
CH-46F 

1 

,021 

828 

8.5 

6.2 

18,300 

20,800 

CH-4 7A 

1, 

,212 

6.8 

33,000 

CH-54A 
CH-37A 
YII-16A 
CH-53A 
* 347 

1, 

1. 

1, 

1. 

,161 

965 

,239 

,168 

,921 

6.0 

4.5 

5.5 
5.1 
7.7 

38.000 
30,342 

34.000 

33.500 

42.500 


Others 


735 6.2 16,995 


MAIN 

ROTOR 

TYPEt 

1 

1 

2 

2 

2 

2 

4 

3 
1 

1 

* 

1 

2 
1 
1 
1 
1 
2 

4 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 


TANDEM WING 


W 

W 

T 

W 


W 

W 

T 

T 


T 

T 


3 


W 


* Not used in developing WER. 

t Rotor Types: 1 - Articulating; 2 - Teetering; 3 - Rigid; 4 - Semi-Rigid. 
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Figure 4 f 10 
FLIGHT CONTROLS WER 




















V 


lKT£CftAT&£> PNEUHATtC SY5T m 


I nt? pr ated Fno u^ t Ic J»ygf f^JJfsc j ipr loa 

Integrated pneuwtlc isystem (IPS) is a term often applied to tha 
combined auxiliary power, pneumatic, air conditioning* and antl-lclng 
systems* Although these systems are tf££t#d separately in Military Stan-* 
dard 1374A (except for the pneumatic ayaitea, which ia combined with the 
hydraulic system), manufacturer* and their i&ajor subcontractors consider 
then as part of a single aystca because of their ca&fttmality • 

Wighte and design characterlet ica are presented in Table 4.9 for 
the auxiliary power system. The air cor-di Cloning ami anti-icing systems 
are presented in Table 4*10* 

A uxiliary Power System UaacriptioTi 

The auxiliary power system supplies all power for ground operations 
in lieu of ground uupporc equipment. These operations include: cabin 

ground air conditioning, engine starting, and driving a generator for 
electric power* 

Weight E>jC inac t ng Relationship 

Hie VJKH provided for auxiliary power systems is simply based on the 
average weight observed for those helicopters which utilize them* It is: 

Bguat ion 

W 9 - 157 

As indicated* the average auxiliary power system weight for the ten heli- 
copters* on which it is Included ie 157 pounds* with a standard deviation 
of only 19 pounds. Thus* an average value can be assigned to the system with 
fairly high confidence* 


* The helicopters have a design gross weight of over 13,000 pounds, with an 
average of approximate ly 24,7 50 pounds* 



T*bla 4 # 9 


AUXlLliJlY POWER PLANT SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


.m odel 

?69A 
iUI-tiA 
Til-5? A 
Oil-SSA 

oh-j v. 
oh- ns 
WO 1 05 

2Ht» 

I'H-IH 

H-5M 

UIM4IJ 

l ? lt-2B 

Ail-1 cvC 

ni-j» 

YAH-t»4 

ch-ua 

CH-2JC 

YUl-bJ 

Yt ll-t*!A 

Yt H-bOA 

SH-JA 

S-b? 

AH- 56 A 
CU-46F 
CH— 4 7 A 
Cl l -5*4 A 
CH- 3 7 A 
YU- 1 6 A 
CH-33A 
34? 


AUXILIARY 

POWER- 

PLANT 


TMEW 


135 

1.7 

137 

1.4 

193 

2.0 

194 

1.9 

136 

1.1 

106 

0.8 

99 

0.6 

183 

1.0 

211 

0.9 

177 

0.7 
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Tabl«* 4,10 



0 ? 


P CONDITIONING AND ANTI-IC1NC SYSTEMS 

P| tfEiarr, performance and design data 

fl ’ 





w 




i 


AIR 

CONDI- 

TIONING 



W 16 

tHFW 


11 

t.I 

Olt-t»A 

9 

0*7 

TII-S7A 

27 

! *8 

OII-WA 

25 

l.t> 

on-:)*: 

4 

o.: 

on- i 
80105 

40 

2.1 


14 

0.5 

I’H-IH 

44 

0.8 

h-s:a 

«8 

l.fc 

1-H-I9D 

77 

1.3 

0II-7B 

25 

0.4 

AII-16C 

76 

l.i 

OH- 2D 

35 

0.5 

YAit-64 

99 

1.3 

CH-34A 

72 

0.9 

CH-2IC 

137 

1.5 

Yl’H-6 J 

98 

1.0 

YI-II-61A 

78 

0.8 

YUll-tiOA 

58 

0.6 

Stl-iA 

86 

0.8 

S-ti / 

126 

1.1 

AH- 5i»A 

75 

0.6 

* CU-4M' a 

127 

1.0 

CH-47A 

145 

0.8 

CH-54A 

94 

0.5 

CH-37A 

176 

0.9 

yh-iaa 

165 

0.7 

* CI1-S3A 

234 

i.O 

34 7 

155 

0.6 


ANTI- 

ICING 

—.SMEW tf lb+17 

11 

1 0.1 10 
27 
25 
4 
40 


14 

44 

9 0.2 97 

77 

56 0.9 81 

76 

33 0.4 68 

5 0. 1 104 

72 

137 

6 0. 1 104 

33 0.3 111 

28 0.3 86 

23 0.2 109 

126 

*2 0.3 117 

130 1.0 257 

34 0.2 179 

20 0.1 114 

176 

165 

27 0.3 311 

47 0.2 202 


BODY 

SURFACE 

AREA 


205 

244 

247 

121 
277 
262 
626 
849 
640 
609 
469 
738 
60& 
817 
1,180 
623 
757 
805 
1,112 
943 
84 7 
1,452 
2,150 
1,199 
1,553 
2,300 
2,262 
2,587 


* Not used in developing WKR. 
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Aj\ attempt to develop an equation using regression analyst* v** unsuc- 
cessful, For example, an equation obtained using design gross weight *• an 
independent variable {W^ ** Ij 3»4* + ,CK>0756W^) bad an r* of only 0.0431* 

rn eu m at ic System Descriptio n 

Curiously, none of the helicopter weight (Statement* examined indicated 
the existence of a pneumatic nytftet*. Thu*, the following description 3. a for 
fixed wing aircraft but should be applicable to helicopter designs which 
might Incorporate a pneumatic system. 

The pneumatic system includes all heat cxcliangers and ducting, vhic> 
carries prcttsurlxed air from cacti of the wain engines and from the auxiliary 
power unit (AFtl)* The pneumatic eye Lea provides coapreased air for cabin 
pressurization, air conditioning and ventilation, engine starting, iec pre- 
vent ion and turbine-driven supplementary or emergency hydraulic power, 

because of the complete absence of data, a WER was not derived for 
the pneumatic system. 

Air Co rd It i on lug and Ant 1-1 c in^ S yst em s Description 

The **ir conditioning system, in addition to supplying conditioned air 
to the cabin, beats the cargo compartment and supplies conditioned air for 
avionic and electrical load center cooling. 

Anti-icing functions can be perforated either by hot bleed air or by 
electrical heat, bleed air systems include all ducting from the main pneu- 
matic source and inner skins, which fora the hot air cavities. Electrical 
systems include the electrical blankets fastened to the outer surfaces of 
critical items, plus all wiring and controls. 

Weight Est imat i n £ Re 1 a r i onship 

The air conditioning and antl-iclng systems were combined to develop 
a weight ei>t imat lng re 1 at iortshlp because the combination yielded substan- 
tially better results. The combined WER is: 
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j’_ q uat ion 


W 16+17 “ 28 * 844 + ♦ 0730s b 0.8172 

Total body surface area Is the beat independent variable for eatimating 
the combined weight of the air conditioning and anti-icing systems. The 
function is strongly linear; logarithmic transformation* of the data result 
in lower correlation*. 

The other variable considered was design gross weight, which resulted 
In the following equation: U 16+1? - 28.442 + .00414W . The r 2 was 0.7785 

and was not improved by use of a logarithmic equation^ith the design gross 
weight variable. Despite the high correlation, design gross weight as a 
second independent variable raises the r 2 only to 0.8394, because of Its 
high covariance with body surface area (0,82'. 

The following results were obtained for the air conditioning systea 
when it was considered independently: U l6 - 22.078 + ,0698S b and W - 

23.358 + ,00397W g . R 2 8 of 0.7593 and 0.6855, respectively, were calculated 

for these equations. As in the case of tha electrical system, the lower r 2 
with design gross weight for both W 16+l7 and is due to the wide variance 
for models over 20,000 pounds. 

A separate equation for anti-icing systems in unobtainable due to the 
lack of significant slope and correlation with any relevant explanatory vari- 
able. For example, W 17 - 19.933 + .000337W g has an r 2 of only 0.0908. An 
attempt to represent the anti-icing as a constant was not successful because 
of its large standard deviation (33.17 pounds) relative to ita average weight 
(36.27 pounds). As anti-icing weight statistics are almost random in nature, 

they could be easily integrated with air conditioning weights without loss of 
explanatory power. 

The combined air conditioning/anti-icing WER is presented graphically 
in Figure 4.11. 
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G. INSTRUMENTS AND AVIONICS SYSTEMS 

Although they are separate systems, Instruments and avionics are dis- 
cussed together because they have many similarities in terms of the nature 
of the components they employ. 

Instruments System Description 

Instruments perform basic monitoring and warning functions associated 
with the flight of the helicopter: electrical, hydraulic and pneumatic 

systems operation, engine operation and fuel quantity. The instruments 
system includes cockpit indicators and warning lights, transducers, signal 
inputs, circuitry, and the monitoring devices. 

Weight Estimating Relationship 

Weights and related design characteristics for the instruments system 
are provided in Table 4.11. 

Several variables related to instrument system weight were analyzed. 
Engine horsepower and fuel capacity were considered because they are re- 
lated to key instrument functions. Design gross weight was considered 
because of its demonstrated explanatory power for other systems. Although 
correlations were similar for all three, engine horsepower was found to be 
the best. The WER using it .is the independent variable is: 

2 

___ Equa t ion r 

W 10 " 50 * 507 + *0267HP e 0.7507 

The weight estimating relationship for instruments with design gross 

weight is W 10 ■ 42.106 + .00503W , with an r 2 of 0.7313. 

6 

Fuel quantity was also a fairly reliable estimator, resulting in the 
following equation: W 1Q - 48.230 + .1810. The r 2 for this equation is 

0.7253. Due to high covariance between the three estimators, ranging from 
0.84 to 0.93, multiple regressions incorporating two or more explanatory 
variables did not improve the fit significantly. 

The instrument system WER is shown graphically in Figure 4.12, together 
with the data from which it was derived. 
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Table 4.11 


MODEL 

269A 

OH-6A 

TH-57A 

OH-58A 

OH-23G 

OH-13S 

B0105 

286 

UH-1H 

H-52A 

UH-19D 

UH-2B 

AH-16C 

UH-2D 

YAll-64 

CH-34A 

C1I-21C 

YUH-63 

YUH-61A 

YUH-60A 

* SH-3A 
S-67 
AH-56A 
CH-46F 
CH-47A 
CH-54A 
CH-37A 
YH-16A 

* CH-53A 
347 


INSTRUMENT system weight, performance and design data 


INSTRU- 

MENTS 

W 

10 

%MEW 

engine 

HORSE- 

POWER 

HP 

e 

FUEL 

QUANTITY 

C 

POWER 

HYDRAULIC PI-ANT 
W ll W 7A 

8 

0.8 

180 



336 

30 

2.5 

250 

62 


192 

29 

1.9 

317 

76 


194 

27 

1.7 

317 

73 


165 

34 

1.8 

305 

46 


551 

24 

1.2 

260 



588 

25 

l.l 

600 

154 


348 

58 

1.9 

550 

82 

38 

369 

59 

1.1 

1,103 

211 

33 

683 

124 

2.2 

1,050 

325 

43 

360 

70 

1.2 

800 

175 

47 

1,244 

142 

2.4 

1,250 


42 

635 

101 

1.5 

2,050 


110 

835 

166 

2.2 

2,500 

276 

52 

805 

99 

1.3 

3,000 

353 

96 

1,089 

108 

1.4 

1,525 

263 

26 

1,737 

134 

127 

153 

1.5 
1.3 

1.6 

1,425 

3,000 

3,000 

300 

343 

352 

62 

162 

1,809 

1,093 

831 

152 

1.5 

3,036 

343 

87 

862 

368 

3.2 

2,500 


46 

701 

187 

1.6 

3,000 


40 

941 

127 

1.1 

3,925 

438 

86 

969 

158 

1.2 

2,600 

380 

168 

951 

172 

1.0 

4,400 

620 

212 

1,342 

284 

1.5 

9,600 

1,342 

168 

2,185 

191 

0.9 

4,200 

4 JO 

129 

5,516 

1 76 

0.8 

3,600 

700 

224 

3,706 

395 

1.7 

5,700 

638 

132 

1,762 

195 

0.8 

7,500 

1,200 

176 

1,741 
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* Not used in developing WER 
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Figure 4.12 

INSTRUMENTS WER 































Avionics Svfltfita Descripti on 

The avionics oysten is separated into fjur subsystems. They are 
described in the following paragraphs* 

lUSg^j^ ^d Flight Guid ance and Controls Subs y stem 

The integrated flight guidance and controls subsystem includes the 
autopilot unit, the flight director unit, the gyrocompass unit, the attitude 
and heading reference unit, and the inertial navigation unit. These units 
are interdependen. and may be either separate, interconnected units or one, 
integrated functional unit. All indicators, servomechanisms, and associated 
circuitry, supports and attachments related to the integrated flight guid- 
ance and controls subsystem are also included. Although usually colocated 
with this subsystem, the auto-throttle/thrust management unit is part of the 
propulsion system because it functions to control the engine. 


Communication Subsystem 

The communication subsystem is separated into internal and external 
units. The internal communication unit includes the interphone system, the 
public address system, and the multiplex (KUX) system. The external com- 
munication unit includes the transceiver equipment which is used for aircraft 
to-aircrait or aircraft-to-ground communications. 

Navigation Subsystem 

The navigation subsystem includes all radar equipment, the automatic 
direction finding (ADF) unit, the distance measuring equipment (DME) unit, 
the doppler unit, the navigation computer units, the station-keeping unit, 
the tactical air navigation (TACAN) unit, the variable omnirange (VOR) unit, 
the marker beacon unit, the instrument landing system (ILS), the collision 
avoidance unit (CAS), the airport traffic control (ATC) unit, the radio alti- 
meter unit, the glide slope indicator, and the radar beacon unit. All of 
the navigation units, indicators, antennae, associated circuitry and antenna 
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coaxial cable, and the alt,’ supports .„ d .ttschments nllM to th . My . 
Igation subsystem are included. 


Miscella neous Equipment Subsystem 

The miscellaneous equipment subsystem Includes the flight, voice and 
crash recorder unit, the aircraft Integrated d.t. (*to)/»alfunctlo„ detec- 
lon analysis .n d recording (HADAR) the weight anJ b>1 ,„ ce ^ (lf 

installed), and the equipment rack structure and mounting hard«r« and 
circuitry. 


Wei ght Estimating Relationship 


Avionics system weights and related 
Table 4.12. 


characteristics are presented in 


Design gross weight and range* (in miles) are significant variables 

for estimating the weight of avionics systems. The WERs developed for 
avionics are: 

— ^nation r 2 Notes 

W u - 301.770 + .023lW g - .687R 0.8923 Navy Trans. & Cargo 

14 20.814 + ,00739W g + .585R 0.9177 Army Trans. Inc. UTTAS 

W u - - 59.041 + ,0175W g + .348R 0.9761 other 

Avionics weights were divided into three broad mission/service cate- 
gories (Navy transport and cargo. Army transport including UTTAS and all 
other) to improve correlation. 


6 rSt WER ’ the ne 8 a tive coefficient ror range (R) arises fron 
the dominance of Che design gross weight variable (Its r 2 In . simple re- 
gression with » 14 is 0.8246 while the r 2 with range Is only 0.0746). The 
presence of covariance <t . 0.2938) further weakens the r.nge variable. 


range ^witl^no^re <ul3 ' ,s ' ;<!d conform to the best estimate, of msgl.u. 
uniformitv reserves » this was done because of the lack of statistical 

1. adjusted upSr^rtlX^SSirrS, 1 ^;^ '“ l 
within 5 percent. 7 mererore, ranges should be accurate to 
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Table 4.12 

AVIONICS SYSTEM WEIGHT, PERFORMANCE AND DESIGN DATA 


DESIGN 

GROSS 


MODEL 

AVIONICS 

W 14 

XMEW 

MISSION 

WEIGHT 

W 

g 

RANGE 

R 

269A 

11 

1.1 

- 

1,600 

204 

OH-6A 

113 

9.4 

Army LOH 

2,400 

380 

TH-57A 

53 

3.5 

Navy 

2,900 

313 

0H-58A 

106 

6.9 

Army LOH 

3,000 

305 

OH-23G 

98 

5.1 

Army 

2,800 

225 

0H-13S 

91 

4.7 

Army 

2,850 

198 

B0105 



Civilian 

4,630 


* 286 

20 

0.7 

Civilian 

4,700 


UH-1H 

246 

4.7 

Army/Air Force 

6,600 

318 

* H-52A 

427 

7.6 

Coast Guard 

7,500 


* UH-19D 

110 

1.9 

Army/Air Force 

7,100 


* UH-2B 

318 

5.4 

Navy Seasprite 

7,378 


* AH-16C 

283 

4.1 

Army 

10,000 


UH-2D 

362 

4.7 

Navy 

..0,187 

422 

YAH- 64 

303 

3.9 

Army (AAH) 

13,950 

359 

* CH-34A 

269 

3.4 

Army Trans, 

11,867 


CH-21C 

247 

2.7 

Air Force 

13,300 

230 

YUH-63 

308 

3.2 

Army (AAH) 

15,645 

245 

YUH-61A 

456 

4.6 

Army (UTTAS) 

15,313 

551 

YUH-60A 

4 56 

4.6 

Army (UTTAS) 

16,250 

691 

* SH-3A 

1,273 

11.1 

Navy (ASW) 

18,064 

625 

* S-67 

737 

6.3 

Attack - Proto. 

17,300 

445 

* AH-36A 

650 

5.4 

Army 

18,300 


CH-46F 

645 

4.8 

Navy Cargo 

20,800 

246 

CH-47A 

303 

1.7 

Army Trans, 

33,000 

225 

CH-54A 

435 

2.3 

Army Lift 

38,000 

230 

* CH-37A 

269 

1.3 

Army 

30,342 


* YH-16A 

303 

1.3 

- 

34,000 


CH-53A 

659 

2.9 

Marine Trans. 

33,500 

540 

* 347 

371 

1.5 

- 

42,500 



* Not used in developing WER„ 
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2 

Neither variable predominates in the second WER. The r s in simple 

regressions with design gross weight and range are 0.2955 and 0.4448, re- 

specively. Covariance is negative (r =» -0.1960) and weak (r 2 - 0.0384), 

2 

strengthening the multiple r . 

As in the first WER, the final one is dominated by design gross weight. 
2 

(Simple r s are 0*9318 and 0.0472 for design gross weight and range, re- 
spectively) . 

The surprising result of design gross weight being more powerful then 

range is due to the categorical divisions, which largely "normalize" the 

range variable. A single equation for all models shows range to be slightly 

more powerful than design gross weight, but both are low predictors, result- 

2 

ing in an overall multiple r of 0.6316. 

In view of constantly changing technology, this weight estimating 
relationship should oe viewed with great caution. Rapidly increasing so- 
phistication in avionics packages could have unpredictable consequences for 
weight estimation. In addition, increased avionics "requirements" might 
result in heavier systems, although higher levels of technology could off- 
set any increase in weight. 

Because the avionics WER uses two independent variables, it is not 
presented graphically. 



H 


HYDRAULIC SYSTEM 


Itvd raul 1c S vatt ua D<*ncriptl»n 

The hydraulic system on helicopters is required primarily to provide 
hydraulic power to the hydraulic flight controls. In a few cases, hydraulic 
jwver is also used for landing gear retraction and to power cargo handling 
accessories. The hydraulic system Includes; pumps, reservoirs, accumulators, 
filters, regulators, valves, manifolds, plumbing, fluid, and supports and 
mounting hardware* 


flight Estim ati n g Rel ation u hi£ 


Weights and design characteristics* relevant to the hydraulic aystraa are 
presented In Table 4.13. 


Several Independent variables were considered in deriving a VEP for 
the hydraulic system. Design gross weight proved to be the jaost reliable 
estimator f as indicated below: 


Equation 


r 


2 


» 15.890 -f .00446W 0.6574 

B 


Although flight controls weight is perhaps the more logical cstiuiator 


on account of the functional relationship between the two systems, the equa- 
tion derived with flight controls weight, W n « 19.508 + .0110W fc , has an 
of only 0.5760. 


Due to high covariance between design gross weight and flight controls 
weight, a multiple regression equation of hydraulic weight on both indepen- 

*y 

dent variables adds nothing to the r 4 *. nevertheless, a robust combined weight 
equation waa derived: W g+11 « 59.692 + ,390W g . Its r 2 is 0.9341, which is 

comparable to the correlation coefficient for the flight controls equation. 

As in the case of flight controls, wings and tandem rotors, even though 
they might oe regarded as aids in flight control, are not a determining factor 
' for hydraulic weight. Alt;o, none of the weight or performance factors related 
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Table 4.13 


hydraulic system weight. 


performance and design data 


design 


hydraulic 


MODEL 

w n 

Skew 

269A 



OH- 6 A 



TH-57A 



011-58A 



OH-23C 



OH-13S 



BO 105 



286 

38 

1*3 

Ull-IH 

33 

0e6 

H-52A 

43 

0*8 

UH-I9D 

UH-2B 

47 

42 

0*8 

C.7 

All- 16C 

no 

0*2 

UH-2D 

52 

0.7 

YAH-64 

96 

1.2 

CH-34A 

26 

0*3 

C1I-21C 

62 

0.7 

YUH-63 

162 

1. 7 

YUH-61A 



VUH-60A 

87 

0.9 

SH-3A 

S-67 

46 

40 

0.4 

0.3 

AH-56A 

86 

0.7 

CH-46F 

168 

1.3 

CH-47A 

212 

1.2 

CH-54A 

168 

0.9 

CH-37A 

129 

0.6 

YH-16A 

224 

1.0 

CH-53A 

132 

0 6 

347 

176 

V*U 

0.7 


GROSS 

POWER- 

WEIGHT 

PLANT 

W 

a . 

W 7A 

1,600 

336 

2,400 

192 

2,900 

194 

3,000 

165 

2,800 

551 

2.850 

588 

4,630 

348 

4,700 

369 

6,600 

683 

7,500 

360 

7,100 

1,244 

7,378 

635 

10,000 

835 

10,187 

805 

13,950 

1,089 

11,867 

1,737 

13,300 

1,809 

15,645 

1,093 

15,313 

831 

16,250 

862 

18,064 

7fn 

17,300 

941 

18,300 

969 

20,800 

951 

33,000 

1,342 

38,000 

2,185 

30,342 

5,5l6 

34,000 

3,706 

33,500 

1,762 

42,500 

1,741 


flight 

controls 

w 

W 8 


51 

65 

133 

125 

108 

153 

189 

327 

357 

353 

164 

301 

469 

300 

419 

378 

561 

596 

721 

694 

654 

780 

1,021 

828 

1,212 

1,161 

965 

1,239 

1,168 

1,921 



to the powerplant (l.e., powerplant weight or engine horsepower) are sta- 
tistically significant aa predictor* of hydraulic system weight. 

The hydraulic system WER is presented graphically in Figure 4.13, 
together with the data frora which it waa derived. 








I* ELECTRICAL SYSTEM 
Electr ic al Synttia Description 

*fhe electrical system supplies power to a variety of helicopter 
operating components, including* among others: lights* avionics* instru- 

isenta* passenger and eargt doors* cargo hoist* and environmental control 
system. 

The electrical system consists of the AC power ©yucca* the DC power 
system and the lighting system, Tha AC system Includes power generating 
equipment* while the DC power system includes converters and batteries* and 
both include the necessary controls* wiring* cables, fittings and supports 
to distribute the electrical power from the power source to the electrical 
power center. 

The lighting system includes all interior and exterior lights* together 
with the switches* associated circuitry from the electric power center* and 
support hardware# 

The wiring and circuitry leading from the electric power center to the 
various components which use electricity are included with the respective 
systems. 


Weight Estimating Relationship 

Weights and related design criteria for the electrical system are pro- 
vided in Table 4.14. 

Total body surface area is the most reliable estimator of electrical 
system weight. As the graph in Figure 4.14 shows, the ratio of electrical 
system weight to body surface area decreases as they increase, implying a 
logarithmic relationship, which indeed increases the r^ significantly. Both 
the .logarithmic and the linear versions are presented below: 

O 

Equation r 

£n W n *• .903 + .733 In 0.8547 

W n -• 139.947 + .234S b 0.8160 
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Table 4.14 

ELECTRICAL SYSTEM WEICHT, PERFORMANCE AND DESIGN DATA 



ELEC- 

TRICAL 

♦ 

BODY 

SURFACE 

AREA 

NUMBER 

OF 

PASSENGERS 

MODEL 

W 13 

XM EM 

S b 

N 

n 

* 269A 

59 

6.0 


1 

2 

OH-6A 

68 

5.7 

205 

TH-57A 

110 

7.2 

244 


OH-58A 

85 

5.5 

247 


* OH-23G 
OH- 13S 

111 

130 

5.8 

6.7 

121 

1 

1 

B0105 

168 

7.2 

277 

286 

130 

4.4 

262 

3 

UH-Ilt 

360 

6.9 

626 

11 

H-52A 

419 

7.5 

849 

UH-19D 

327 

5.6 

640 

3 

UH-2U 

233 

3.9 

609 

4 

* A11-16C 

400 

5.8 

469 


UII-2D 

293 

3.8 

738 

1 

YAH— 64 

294 

3.7 

606 

CM- 34A 

327 

4.2 

817 

14 

* CII-21C 

342 

3.7 

1,180 

YtUI-63 

409 

4.2 

623 


YUH-61A 

389 

4.0 

757 

11 

YUH-60A 

464 

4.5 

805 

11 

SH-3A 

391 

3.4 

n 2 

943 

16 

S-o7 

397 

3.4 

AH-56A 

377 

3.1 

847 


CH-46F 

654 

4.9 

1,452 

22 

CI1-4 7A 

555 

3.1 

2,150 

32 

C1I-54A 

472 

2.5 

1,199 

/> 

CK-37A 

497 

2.3 

1,553 


Y1I-10A 

708 

3.1 

2,300 


CH-53A 

601 

2.6 

2,262 

37 

347 

617 

2.5 

2,587 

37 

Others 

CH53E 

704 

2.3 

2,242 

37 


* Not used in developing WER. 
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Passenger capacity was also Investigated but was a far less reliable 
2 

estimator, with an r of only 0.63. 

Finally, design gross weight was analysed as a possible explanatory 
variable. A linear equation was found to have an r* of only 0.74, although 
its logarithmic veroion yielded an r of 0.83. Alternative electrical sys- 
tem WERa which employ the design gross weight variable are - 145.813 

•f .0133W and in W. ,, • —.5385 + .6728 in W . The low r^ f»*r the linear ver— 
S J g 

sion is primarily due to the wide variance from the trend line for models 
over 20,000 pounds. As this variance for heavier helicopters is far less 
apparent in the equation presented above, using linear body surface area, 
its correlation coefficient is much higher and it is clearly preferred. 

The preferred electrical system WERs are presented graphically in 
Figure 4.14, together with the data from which they were derived. 
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J. FURNISHINGS AND EQUIPMENT SYSTEM 

Furnishings and Equipment System Description 

Furnishings and equipment include a variety of items in the cockpit 
and the passenger and/or cargo compartment. In the cockpit, this category 
includes all instrument and console panels, seats, insulation, lining, crew 
oxygen system, and cockpit door and partitions# 

In the passenger and/or cargo compartment, this category includes 
seats, floor covering, insulation, side panels, ceiling structure, hatrack 
or baggage containers, and passenger comfort items such as galley or lav- 
atory installations. 

Miscellaneous items include the engine and cabin fire extinguisher 
systems, fire warning system, exterior finish, and emergency equipment 
(i.e., first aid kit and fire ax). Cargo loading equipment is also a part 
of this system. 

Weight Estimating Relationship 

Weights and related design information for helicopter furnishings and 
equipment are presented in Table 4.15. 

Two explanatory variables, the sum of crew and passengers and the total 
surface body area, are highly significant in estimating the weight of the 
helicopter furnishings. The following WER was obtained based on them: 

2 

Equation r 

W 15 “ ~ 8 * 106 + * 176s b + 20.456(NpfN c ) 0.9034 

Single regressions for each variable provide the following results: 

^15 * 75.356 + 28< 528(Np+N c ) and » -41.620 + .444S^. These equations 
have r s of 0,3927 a' id 0*7081, respectively. The highest is, however, 
obtained by including both variables, as indicated above.* 


* Contemporary helicopter designs typically include material to reduce 
vibration. The weight of absorption material added is about 2.5 percent 
of design gross weight. Therefore, another variable (0.025W^) should be 
added to this WER for estimating the furnishings and equipment system 
weight in modern helicopters. 
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Table 4.15 


furnishings and equipment system 

WEIGHT, PERFORMANCE AND DESIGN DATA 


MODEL 

FURNISH 
& EQUIP 
U 

15 

SMEW 

NUMBER 
OF PAS- 
SENGERS 
N 

p 

number 

OF 

CREW 

N 

Q 

BODY 

SURPACE 

AREA 

s h 

* 269A 
OH-6A 
TH-57A 

33 

58 

64 

3.4 

4.8 

4.2 

1 

2 

2 

1 

205 

OH-58A 

42 

2.7 


3 

244 

* OH-23C 

oh- ns 

B0105 

32 

30 

47 

1.7 

1.6 

2.0 

1 

1 

2 

1 

1 

247 

121 

286 

UH-1H 

84 

408 

2.8 

7.8 

3 

2 

2 

277 

262 

H-52A 

216 

3.9 

11 

2 

626 

UH-19D 

UH-2B 

AH-16C 

205 

131 

130 

3.5 

2.2 

1.9 

3 

4 

3 

1 

2 

849 

640 

609 

UH-2D 

YAH-64 

166 

185 

2,2 

2.4 

1 

2 

3 

469 

738 

CH-34A 

189 

2 # 4 

14 

2 

606 

* CH-21C 

258 

2.8 

2 

817 

YUH-63 

202 

2.1 



1,180 

YUH-61A 

650 

6.6 

11 

2 

623 

YUH-60A 

675 

6.6 

3 

757 

SH-3A 

400 

3.5 

11 

3 

805 

S-67 

230 

2.0 

16 

2 

1,112 

AH-56A 

274 

2.3 


2 

943 

CH-46K 

854 

6.4 

22 

2 

847 

CH-47A 

866 

4.9 

3 

1,452 

CH-54A 

218 

1.1 

32 

3 

2,150 

• CH-37A 

810 

3.8 


2 

1,199 

YH-16A 

425 

1.9 



1,553 

CH-53A 

1,289 

5.6 

37 

3 

2,300 

347 

1,337 

5.4 

3 

2,262 




37 

3 

2,587 


* Not used in developing WER. 
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copters, the figures ren " C "' elS - d “ al - f ™tti.„ h.U- 

present estimates of the "most likAiv" 

sengers .nd .rev in .„ .U- P . ss .„ g<!r conflgu „ tlon _ "“ b ” ° f — 

need re8rM8l °" — - tb. 

*. eliminates ^^.T^TT ^ — *»“ *“ d . — 

“ - «— .he ^rrrrsrr modeis * tbit — 

from more tt.m one source anH , 8 P nger end crew statistics 

end result, m . s l 8 „ iflca „ tl y higher corrclatl< , n _ 

1. not Z“;;.d tMS “ h ““ *" lndePMd '” t ■ graphic pres.nt.tion 
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K. 


LOAD AND HANDLING SYSTEM 


Load and Handl ing System Description 

The load and handling systea constats o£ loading and handling gear 
including provision, for jacking, solacing and noorlng, and ballast. 

Weight E stimating Relationship 

Load and handling system weights and related design characteristics 
are presented in Table 4.16. 

The weight estimating relationship developed for the load and handling 
system is : 

Equation r 2 

W 18 ” “71.875 + .HIS, + 3.409(N +N ) 0.7704 

u pc 

As indicated, body surface area and the sum of passengers and crew 
are significant estimators. Simple regression equations give the following 
results. W lg - “77.353 + ,157S b and W ja ° 19.962 + 7.708(N +N ). These 
equations have r s of 0.6910 and 0.5764, respectively. Covariance is only 

0.4328, allowing for inclusion of both variables, which results in an im- 
proved multiple correlation. 

One should not be surprised by the strong positive relationship between 
load and handling system weight and the number of passengers and crew in the 
second simple regression equation, even though the system relates to cargo: 
For dual-function models, the passenger statistics reflect what the craft is 
ca£able of carrying in an "all passenger" configuration, i.e., the bigger 
its passenger (troop) capacity, the larger will be its potential cargo ca- 
pacity. In fact, the very large models are designed to carry troups and/or 

military hardware, the relative quantities of which often vary from one mis- 
slon to another. 

Because the load and handling system WER uses two independent variables, 
it is not presented graphically. 
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Table 4.16 


load and handling system 

WEIGHT, PERFORMANCE AND DESIGN DATA 


MODEL 

LOAD & 
HANDLING 

W 18 

%MEW 

269A 

0H-6A 

TH-57A 

OH-5«A 

OH-23G 

OH-13S 

B0105 

286 

uh-ih 

H-52A 

89 

1.6 

UH-19D 

UH-2B 

6 

0.1 

AH-16C 
* U11-2D 

131 

1.7 

YAH-64 

CH-34A 

3 

t 

* CH-21C 

45 

0.5 

YUH-63 

YUH-61A 

39 

0.4 

YUH-60A 

80 

0.8 

SH-3A 

56 

0.5 

S-67 

13 

0.1 

AH-56A 

CH-46F 

196 

1.5 

CH-47A 

258 

1.5 

CH-54A 

184 

1.0 

* CH-37A 

12 

0.1 

YH-16A 

137 

0.6 

CH-53A 

439 

1.9 

347 

302 

1.2 


NUMBER 
OF PAS- 
SENGERS 
N 

P 

NUMBER 

OF 

CREW 

N 

c 

BODY 

SURFACE 

AREA 

S b 

1 

2 


2 

1 

205 


3 

244 


2 

247 

1 

1 


1 

1 

121 


2 

277 

3 

2 

262 

11 

2 

626 


3 

849 

3 

1 

640 

4 

2 

609 

1 

2 

469 

3 

738 


2 

606 

14 

2 

817 

1,180 


2 

623 

11 

3 

757 

11 

3 

805 

16 

2 

1,112 


2 

943 

22 

2 

847 

3 

1,452 

32 

3 

2,150 


2 

1,199 

1,553 


3 

2,300 

37 

3 

2,262 

37 

3 

2,587 


* Not used in developing WER. 
+ Less than 0.05%. 
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SECTION 5 

DETAILED SYSTEM COST ANALYSES 

This section provides a detailed discussion of each recurring pro- 
duction cost estimating relationship (CER) which was presented in Table 
3.1. Specifically, the cost data used to develop the CERs are discussed, 
a «' .ptions made and methodology used in developing the CERs are presented 
and the perceived validity of the CERs is indicated. Since this study 
followed the SAI report on transport aircraft systems costs, references 
will frequently be made to it whenever it could be helpful in discussing 

similarities and differences which influence the cost of both aircraft 
types. 

Descriptions of each individual system are provided with the 
discussion of that system in Section Detailed System Weight Analyses. 

A summary of system descriptions is also provided in Appendix B. 


'j 
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A. WING, TAIL, BODY AND NACELLE SYSTEMS 

The structural ayatess (wing, tail, body and nacelle) are discussed 
together because they have similar designs and use similar materials and 
method*: of fabrication. Also, the data upon which each system CER was 
based were derived rroa the same source. 


Discussi o n of W ing. Tail 
D evc l QM t’nt — - — — l 


Body and N/U't * lie 


_Sy s terns 


C ost Data and C FR 


Detailed coat data for helicopter airframe structures were not 
readily available, jhie is because the structure is generally produced 
t-y the manufacturer and reported coats typically include in-house assembly 
costs as veil as in-house production and subcontractor coats. However, 
on* case was identified in which the entire airframe structure is being 
provided by a subcontractor. Tims, detailed cost estimates developed by 
subcontractor a design team served as the basis for the CFUs developed 
for h. Hcopter airframe structure. However, since the data provided were 
la terms of labor hours and material costs for a production of much more 

units, the following assumptions and adjustments were made to 
estimate the CAC 1Q(} cost per pound in $FY77: 

• A labor rate of $35 per hour was used, baaed on information 
from other aerospace industry source®. 

• An 82 percent learning curve was assumed, based on conversations 
with the subcontractor, in estimating the CAC 10Q . 

• The total estimated material cost was divided by its total 
estimated weight and the result was converted from $FY72 to 
$PY77 by use of DoD inflation factors. The result was $13 per 
pound for the structural material. 


for 

the 


Costa per pound of about $120 for the wing, $90 for the tail, $80 
tne body, and $110 for the nacelle were obtained. These were within 
range indicated in other sources. To develop CERs, these points were 
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plotted and & 90 percent weight scnling curve* vs® assumed based on trans- 
port aircraft data and discussion with helicopter industry personnel, 
which confirmed the validity of these values. 


The helicopter airframe structure CERa are; 


Sys tem , 


'l 


Equation 

loiwj * 643 q ” 0,286 


Wing 
Tail 
body 
Nacelle 

The wing, tail and nacelle structure CERa are presented in Figure 5,1* 


c J8 - 

C 4 - 660W®* 848 q“ 0 * 286 

C, - 893W®* 848 Q~ 0,286 

6 6 


The body CER la presented in Figure 5,2, 


As noted* the tail rotor la considered to be part of the tail system. 
Detailed cost data were not available for it; however* since analysis indi- 
cated that it was similar to* but mailer th&n* the min rotor, the following 
CER was a&sur&ed: 


System Equation 

-0 0740 

Tail Rotor C 3A - iG2W 3A Q * 

The tall rotor CER is presented in Figure 5,3* 

The figures represent cumulative average coats for 100 units in 19/7 
dollars and include only in-house production costs and subcontractor costa, 
as discussed in Section 3, 


Perceived Validity of Wing* Tally Body and Nacelle Systems CE Ra 

Since each of these structure CERs was based on detailed subcontractor 
cost estimates and the subcontractor discussed the bases and methodology 
used in preparing these estimates, a confidence value of 8 was assigned to 


* This curve indicates that cost per pound decreases as weight increases 
as a reflection of the relatively easier and less extensive fabrication 
techniques required for larger structures. Weight scaling curves are 
similar to learning curves* which were discussed in Section 3, 
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each of them in accordance with Table 3.3. The tail rotor CER was developed 
based on the assumption of its similarity to the main rotor and, therefore^ 
a lover value of 5 was assigned to it. 

Emerging Technologies 

The use of composites is now being implemented for selected items and 
in a limited manner for some current helicopter models. Theoe materials 
offer significant weight savings at a higher cost. The material cost is 
currently about three times that of normal (aluminum) structural materials 
(about $40 to $50 per pound, compared to about $13 per pound). Further, 
fabrication costs are currently about double tha cost of aluminum structure. 
It ia anticipated that both material and fabrication costs will decline 
substantially when wide scale production is implemented, although it is 
impossible to define "substantially” in a financial sense at this time. 


F 

I 


t 


i I 
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ROTOR system 



» 


OB ^ 

Cost data were obtained for rotors f rt r «« 

military helicontera < 2 > A1 . . lght dlfferc “t models of 

P • Although data were also available for site 

nr * . ** «. no, 

^n U ,c tu ,;„r;::i;r bi ;n;; faw ° f * ^ tr „ 

tegreaalona « ^“,1 "‘ th *“*— • 

uaed and .here ha T' , “* '° U1 ““ *" d -l 8ht 

was no significant difference between the two Ju “ ! 

was determined: U °* lowing CER 

Equation 2 


.-0.0740 


C 2 - -12,938 + 101W 2 q"-™ 0.9448 

TI,1. , Ih ',, r ° t0C ““ < ’* ti “ t,ns nm»=‘on.hl P u presented In F f e „„ 5 . 4 
; 13 ““ -« <»r .00 unite In liana. y J 1977 

die, 7< l0Cl “ d °’ 0al>r ln ' h °" 3e pro ' 1 “ £ ‘«“ *»<■ aubcontr.ctor coat. 
discussed in Section i *r»,„ , , coats, at. 

data base. * 8 Mn8 ‘ ShoVn COnfonas «*th that of the 


^£T £ e ived Validity of Rotor System CER 

A, indicated b y the r 3 of 0.5448, the acatter of the data uaed oaa 
aal. .urther, eight dlvetae helicopter model, vet. repre.ented 1„ 

Sin r °l7 ^ the ‘ r ”“ 8htS r “ 8 ° d fr °" •*»“' 150 t» 4.000 pounds. 

a hi 10S f data 8180 Cither P rovidcd or reviewed by the manufacturers 
is cadence ualue of as.lgned „ th f. CER> ln . ccotd 

the criteria specified in Table 3.3. 



J*:.. 
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c. 


ALIGHTING GEAR SYSTEM 


Discussion of Alighting Gear Coat Data and CER Develop ment 

CERs were developed for each of the alighting gear types with either 
skids or wheels. For larger helicopters with wheels, separate CERs were 
developed for the structure, controls and roiling assembly. A CER which 
is compatible with the WER for the complete alighting gear system was also 
developed. Data for developing these CERs were obtained from interviews 
with alighting gear subcontractors and from the similar applicable cost 
data reported in our earlier study. ^ 

The transport aircraft alighting gear subsystem cost data were used 
because (at the subsystem level) costs per pound are similar to those of 
their helicopter counterparts. However, the cost per pound for the total 
helicopter alighting gear system is usually less than the transport air- 
craft system. Since helicopter alighting gears are typically not retract- 
able, hydraulic actuators are not required to raise and lower them and, 
therefore, controls (the most costly landing gear item) comprise a smaller 
portion of the total helicopter alighting gear system. 

The following CEPxS were developed for wheeled helicopter alighting 

gears: 


System 


Equation 


Total Wheeled Alighting Gear 
Alighting Gear Structure 
Alighting Gear Controls 
Rolling Assembly 


5A 

Sb 

Sc 


84W 5 Q 
362W 5a Q 
15W 5b Q 
2 ow 5c q 


-0.2176 

-0.286 

-0.0396 

-0.0896 


Learning curves of 82 percent for structure and 94 percent for subcon- 
tractor or vendor items (controls and rolling assembly) are incorporated 
into the subsystem equations. The subsystem CERs shot. Id be used and ag- 
gregated if weight data are available at that level, as they should provide 
a somewhat more accurate estimate than if the total system CER is used. 
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For skid-fitted helicopters, the .lighting 8 e. r ls . , ttllctural 
lte. <„„ noted above), and It 1, generally built by the airframe man„- 
facturer. Its coat la estimated by the following C ER: 


System 


Total Skid Alighting Gear 


Equation 


W 

S 

C 5“w^ 4 


Graphs of the structure, control and rolling assembly CERs are 
presented in Figure 5.5. This figure represents the cumulative average 
toat of 100 unite In dollet. and Include, only In-bon.e production 

and subcontractor costs, as discussed in Section 3. 

Pe rceived Validity of Al ighting Gear System CERs 

As noted, alighting gear subsystem CERs are based largely on trans- 
t aircraft data used in conjunction with helicopter alighting gear sub- 
contractor discussions. However, especially high confidence is not war- 
ranted and a confidence value of 8 was assigned to each subsystem. Since 
e s id CER is based on the assumption that it costs the same per pound 
as the body, a confidence value of 3 was assigned to it. These confidence 
values are consistent with the criteria specified in Table 3.3. 

Emerging Technologies 

A few current aud several future helicopter design, are Incorporattn, 
retractable alighting geat to Improve their performance and .o save energy 
y ecreasing the wind resistance caused by fixed alighting gears. Houeve, 
his feature Is stc.mpUshed only by Incurring a weight penalty caused by 
the additional controls reguired for retraction, since controls are a 

y high cost item, their addition would Increase the overall system 
cost markedly. y ™ 








5.5 
GEAR CERs 
of $FY77) 
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D. PROPULSION SYSTEM 


of Propulsion Syst em Cost Data and CER Development 

Regression analysis was applied to detail cost data for bare engines 
and drives in order to develop CERs for them. Reported costs were available 
for five different helicopter turbine engines found on two smaller (under 
7,000 pounds MEW) and three larger (over 12,000 pounds MEW) helicopters. 
These costs were adjusted to represent CAC 10() in $FY77, as discussed in 
Section 3. These were then correlated using dry engine weight as the inde- 
pendent variables. The following CER was obtained: 

Subsystem 2 


Equation 


Notes 


Powerplant 


C 7A " “17 , 709 + 1219W 7A Q' 0 - 2345 0 .8780 W ?a < 900 pounds 


/ 

When cost was correlated with maximum shaft horsepower (HP ), the following 
equation was obtained: C ?A - 83,320 + 215HP e (f °' 2345 . Although the r 2 is 

slightly better (0.9082) than that based on weight, weight is used as the 
primary variable for consistency, since the improvement is minor. A learning 
curve of 85 percent was incorporated, as indicated by the data. 

CERs were developed for drives using data from the same eight helicopter 
models which were used to develop the rotor CER discussed above. These data 
fell into two groups: Three drives were under 700 pounds and five were over 

1,800 pounas. Thus, two CERs were developed, as follows: 


Subsystem 


Equation 


Notes 


Drive 

Drive 


C 7b - - 4795 + 207W 7B Q-°- 0740 0.9980 V._ < 700 pounds 

~ SB — 1 A LO'X X Q TT.T n -0.0740 _ 


C 7B " “ 16 « 4 23 + 83W ?b Q 


0.9742 W ?B > 1,800 pounds 


. — /JO 

Since there was a potential gap between 700 and 1,800 pounds, a third regres- 
sion was performed using all eight data pounts. It yielded the following 


Subsystem 


Drive 


Equation 

C 73 " 19 » 946 + 8 3W 7b Q 


-0.0740 


0.9722 All other 7B 
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This equation should provide acceptable results for estimating the recurring 
production cost for drives between 700 and 1,800 pounds. The data indicated 
that very little learning was experienced for the drive and a learning curve 
of 95 percent was incorporated in the equation. 

A detailed review of the components which comprise the fuel and other 
propulsion systems* indicated that they were quite similar to their trans- 
port aircraft counterparts. Therefore, the transport aircraft CERs for 
these subsystems were used, after adjusting them to $FY77 and removing pro- 
fit and system level assembly costs. The CERs are: 


System 


Other Propulsion C 7D =* 145W 7D Q~ U * L '° : ' 0 

A 94 percent learning curve was assumed and incorporated into them. 


Equation 


C 7C = 56W 7C^ 


-0.0896 

.-0.0896 


The CER for powerplants is presented in Figure 5.6; CERs for drives are 
presented in Figures 5.7, 5.8 and 5.9, for fuel in Figure 5.10 and for other 
propulsion in Figure 5.11. These figures represent cumulative average costs 
for 100 units in $FY77 and include only in-house production and subcontractor 
costs, as discussed in Section 3. 



* 



Perceived Validity of Propulsion System CERs 


Since the powerplant and drive system CERs are based on reported cost 
data which have been reviewed by the manufacturers, they are assigned confidence 
values of 8 and 9, respectively. The drive system CERs received a higher con- 
fidence value because of their higher correlation coefficients and because they 
were based on more data points (8 V3. 5). Since the fuel system and other pro- 
pulsion system CERs were based on their indicated similarity to their transport 
aircraft counterparts and no data or advice from industry personnel were ob- 
tained, they were each assigned confidence values of 4, based on the criteria 
specified in Table 3.3. 


* Other propulsion items include: 
items, lubrication systems, and 
hardware and residual fluids. 


starter, air inductor, exhaust and cooling 
engine controls as well as installation 
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E. 


FLIGHT CONTROLS SYSTEM 


Co.t Data and CEB .wi-p.- 

The flight control, ey.te. CER waa developed b.,.d on Information 

° " “ Sub ""”»“°f Interview which wo, used conjunction with 

“ '°' * lrctaft f “*»‘ control,. <» , t „.» determined 

1“ P °“ nd “•“* '« “ b ‘" plumbing, fluid o„d ..p- 

P t. end mlscelloneous hardware in the transport aircraft study wero 

reedy applicable to their helicopter counterparts.* The coot drivers 

in the helicopter flight control, sy.teo are the hydraulic and mechanical 
controls, however. 

The hydraulic and mechanical flight control. In helicopter, encounter 
erent problem, from tho.e of th.ir transport aircraft counterpart,. 

They or. much more subject to du.t and receive .Ignlf le.ntly greater vib- 
ration. The hydraulic control, pre.ent packaging problem, because of 

space restrictions. Very complex mechanical controls, including a 

- PlatC *«.- are -quired because of the rotor. Further, 

we g t is an even greater concern for helicopter flight controls than for 
their transport aircraft counterparts. 

S7S B “ CaUi>e ° f these fact ors, CAC 10q costs per pound of $150 to $200 and 
*.ere used for hydraulic and mechanical controls, respectively. 

The CAC 10() cost per pound for helicopter flight controls systems is 
developed In Table 5.1. In accordance with the methodology dl.cu.acd 

The following helicopter flight control. CER was developed: 

C 8 - 156W 8 Q-°* 0896 


A 94 percent learning curve was assumed. 


was ProbabirunderstaL^becauL^rdi^Lt 1 ^ 1 " 8 T t0 f, $2 ° P6r P ° Und) 

costs and a higher cost f$20 <rn id n ° C a8equatel y reflect fabrication 
change wa. „d^ ZrTd “ S ' d ' 
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Table 5.1 

FLIGHT CONTROLS SYSTEM 
COSTS AND CONFIDENCE VALUES 


Component X of Coat per 


Major Component or Subassembly 

System Weight 

Pound 

Cabin Controls 

y 

9 % 

$ 40- 60 

Plumbing 

5 

20- 60 

Fluid 

2 

0.68 

Supports and Miscellaneous 

13 

25- 75 

Hydraulic Controls 

26 

150-200 

Mechanical Controls 

45 

75-125 


100 X 

$ 81-126 


Confidence Value 
2 
6 
8 

3 
7 

4 

4.7 


(avg. $104 /pound) 
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This CER is presented in Figure 5.12. This figure represents the 
cumulative average cost for 100 unito in 1977 dollars and includes only 
the in-house production and subcontractor costs, as discussed in Section 3. 

££££^ Aygj...V a lldlty of Flight Controls System CER 

A confidence value of 4.7 was calculated for the flight controls 
system CER in Table 5.1, in accordance with Che methodology described in 
Section 3. The major component or subassembly confidence values given to 
cabin controls, fluid and supports and miscellaneous are identical to those 
of their transport aircraft counterparts. O) Plumbing was given a slightly 
higher confidence value (6 vs. 5). The confidence values assigned to the 
hydraulic and mechanical controls were, however, significantly lower than 
those assigned to their transport aircraft counterparts (7 vs. 9.5 and 
4 vs. 7.5, respectively) because limited cost data were available and 
because costs on these items were estimated based on assumptions regarding 
their relative complexity compared to their transport aircraft counterparts. 

Emerging Technologies 

Fly-by-wire has been experimentally implemented on some helicopter 
designs, including a CH-47. This has been successful but more costly than 
existing technology. It does, nonetheless, offer greater redundancy with 
significantly reduced weight. It is expected that, when fly-by-wire con- 
trols ore implemented on a production model, they will remain more expensive 
and will also have a shallower learning curve because of the many electronic 

items Included in them which are on the flat part of their own learning 
curves* 

Power-by-wire Is another possible new technology which is similar to 
fly-b>~wire except that hydraulic packages including pumps and reservoirs 
would be located at the actuator. 

Fly-by-light is a technology similar to fly-by-wire except that light 
would be substituted for electricity. This would alleviate potential problems 
caused by lightning to a fly-by-wire system. It appears to be even further 
away from Implementation than fly-by-wire. 
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F. 


INTEGRATED pneumatic system 


Integrated pneumatic system (IPS) is a term often applied to the 
combined pneumatic, air conditioning, anti-icing and auxiliary power 
systems. Although these systems are treated separately in Military Stan, 
dard 1374 a (except for the pneumatic system, which is combined with the 
hydraulic system), the manufacturers and their major subcontractors con- 
sider them as part of a single system because of their commonality. 


j Hscussion of ips C ost Data and CER Development 

In the past, pneumatic power has been used only sparingly on heli- 
copters. In fact, for all of the helicopter detail weight statements 
reviewed, only helicopters with MEWs in excess of 12,000 pounds incorporated 
auxiliary power or anti-icing systems and no helicopters incorporated pneu- 
matic power systems as such. It is anticipated, however, that pneumatic 
power will be included on future designs where a heavy lifting capability 

is required and it has even been suggested as a weight saving alternative 
for blade cyclic control. 


One of the subcontractors who provided the cost data for transport 
aircraft IPS was contacted regarding helicopter IPS costs. It was suggested 
that IPS CERs developed for transport aircraft would be appropriate for 
helicopters. Thus, small transport aircraft CERs (1) were modified by deleting 
system level assembly and profit and inflating them to reflect $FY77. 

The IPS CERs are: 


System 

Auxiliary Power 
Pneumatic* 

Air Conditioning 
Anti-Icing 

Learning curves of 94 percent were 


Equation 

C 9 - 234W ? Q-°- 0896 
C 12 - 137W I2 Q“ 0,0896 
C 16 - 208W 16 Q-°* 0896 
C 17 » 213W 17 Q“ 0,0896 
assumed. 


(afnote^nn ZT^Z SySt Z ±9 ° nly P rovided information, since 
( noted) no helicopter studied had a pneumatic system defined as such. 


-j!s- 
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Thfc integrated pneumatic system CERs, except for the pneumatic system, 
are presented in Figure 5, 13. This figure represents the cumulative aver- 
age cost of 100 units in $FY77 and includes only in-house production and 
subcontractor costs, as discussed in Section 3. 

Perceived Validity of IPS CERs 

As noted above, the helicopter IPS CERs are based on a subcontractor 
statement that the cost of these systems would be essentially the same as 
that of their small transport aircraft counterparts. Because no specific 
data for helicopter IPS were obtained and no detailed analyses were performed, 
relatively low confidence values have been assigned to these systems. Con- 
fidence values assigned to the four systems are shown below. Those assigned 
to their small transport aircraft counterparts are shown in parentheses for 
comparison. 


System 

Confidence Value 

Auxiliary Power 

3.5 

(4.5) 

Pneumatics 

6 

(7.8) 

Air Conditioning 

3 

(4.0) 

Anti-Icing 

6 

(8.4) 


Figure 5.13 

INTEGRATED PNEUMATIC SYSTEM CERs 
(Thousands of SFY77) 



'9,16,17 

















G, 


INSTRUMENTS AND AVIONICS SYSTEMS 


Di scussion of Instrument and Avionics Systems Cost Data and CER Development 

Instruments and avionics costs are difficult to estimate for two gen- 
eral reasons: 

• Rapidly advancing technology is simultaneously decreasing the 
weight of existing equipment while bringing state-of-the-art 
equipment to the market with greatly improved capabilities at 
a higher unit cost, 

• The avionics equipment installed is largely a customer option 
and may vary greatly on any given helicopter model with its 
mission, the extent to which the customer wishes to maintain 
standard equipment within its fleet or other unique user 
requirements. 

As an indication of how much avionics costs can vary, the following 
ranges of costs per pound for helicopter avionics equipment Items were 
observed: 


Range 
$77 - 329 
97 - 190 
94 - 372 

Costs per pound in excess of $2,000 for some avionic equipment items were 
observed. 

In addition to the above general reasons, there were specific problems 
with the available cost data which undermined their credibility: 

• Quantity data were not available,* 

• In several cases, weight and cost data were not available for 
all avionics equipment installed on a helicopter# 


Item 

Gyro compass 

Automatic Direction Finder 
High Frequency Radio Set 


* This may not be a problem because 95 percent learning curve slope is 
typical for avionics equipment, and, judging from the quantity of heli- 
copters procured, and from the fact that a given item may be found on 
many helicopter models, the items may have been on the flat part of the 
curve. 
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• In several cases, the tofai. avionics equipment weight exceeded 
that indicated Cu tne weight statement. 

Nevertheless, the available cost and weight data Included electronic 
equipment items from 8 different helicopter models, including 14 types. These 
data were broken into the categories defined above and carefully analyzed to 
eliminate unexplainable outliers. The average cost per pound for this equip- 
ment was about $180, with a standard deviation of about $100. A regression 
analysis was then performed to develop the following CER: 


C 14A ' l3 - 693 + 110 "l4A 

2 

This CER has an r of 0.7621. It is emphasized, however, that the estimate 
could be from 25 to 200 percent of the actual cost, depending upon the 
functions required and the equipment selected to perform them. It is noted, 
however, that, when cocsnunicationa equipment comprises a relatively high 
proportion of the avionics equipment, the cost will tend toward the lower 
(say, 70 percent) part of the range. 


As mentioned, learning was impossible to determine from the available 
data; however, it is quite possible that the items represented by this Cc R 
are on the flat part of the curve* This CER yields much lower cost esti- 
mates than does its transport aircraft counterpart. This is logical, given 
the less complex nature of helicopter avionics equipment. 


Evidence Indicated that Instrument equipment costs were lower than 
avionics equipment costs. As a result, a CER which eliminated the constant 
factor appears to represent the limited data available. It is, simply: 


'10A 


110W 


10A 


Other instrument and avionics Items include supports and rack structures, 
antennae, etc. The CERs for these were developed from those provided for their 
transport aircraft counterparts^ by eliminating system level assembly and 
profit and inflating them to $FY77. These CERs are: 


System 

Other Instruments 
Other Avionics 


Equation 



« 140W 
» 140W 


10B Q 

14B Q 


-0.184 

-0.184 
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A learning curve of 68 percent was incorporated into the equation. 

These CERs are presented in Figure 5.14. This figure represents 
the cumulative average cost of 100 units in 197? dollars and includes 

only in-house production and subcontractor costs, as discussed in Section 

3 * 

11>e instruments and avionics CERs provided above at the subsystem 
level should be used whenever possible to insure greater accuracy. However, 
if only total system weight data are availably the following total system 
CERa were derived for instruments and avionics, respectively: 

*0.08% 


C 10 " 


C.. - 6847 + 125W, , Q 


'14 


14 


-0.0896 


££IX£ i 2L ^ - .y^A dit y. of Instruments and Avionics Systems CER s 

As noted, the avionics equipment CER had a correlation coefficient, 
of 0.7621. It was, however, based on less than optimal data. Therefore, 
a confidence value of 8 was assigned to it in accordance with the criteria 
provided in Table 3.3. Sirce the instrument equipment CER was based largely 
on the avionics equipment CER, « lower confidence value of 5 was assigned 
to it. A confidence value of 6 was assigned to both other instruments and 
other avionics. Because of variance in the portion of equipment and other 
material, lower confidence values were assigned to the total system CERs: 

4 for instruments and 6 for avionics. 
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HYDRAULIC SYSTEM 


Discuss ion of Hydraulic System Cost Data and CER Development 

Tl\c hydraulic system CER was developed based on subcontractor-pro** 
vlded Information as well as on assumptions made regarding the analogy of 
certain components to their transport aircraft counterparts. (l) 

Hydraulic pumps are the key cost driver in the hydraulic system. 

One pump is provided per engine and, since it is usually limited to pro- 
viding power only for the hydraulic flight controls, its output is smaller 
than its transport aircraft counterpart (20 to 50 HP, compared to 100 HP 
or more). There is greater concern for weight on helicopters and, as a 
result, their hydraulic pumps are lighter on a per horsepower basis than 
their transport aircraft counterparts. Helicopter hydraulic pumps, there- 
fore, cost about $100 to $200 per pound, compared to $65 to $75 per pound 
for their transport aircraft counterparts. In certain installations, hy- 
draulic. pump/ starters are used and once the engine is started by the unit 
it then functions as a pump. This provides self-sufficiency in the field 
as ground support equipment is not required. The total cost of these pump/ 
starters is between $3,500 and $5,000. 

The cost of reservoirs, accumulators, filters, regulators, valves 
and manifolds is higher for helicopters than for transport aircraft, pri- 
marily because of the increased design and manufacturing difficulty incurred 
by making them smaller. Collectively, these items cost between $75 and 
$125 per pound. 

The cost per pound of the remaining items (plumbing, fluid, and sup- 
ports and miscellaneous) is the same as for their equivalents in the flight 
control system, which was discussed above. 


The CACjqq cost per pound for nelicopter hydraulic systems 13 developed 
in Table 5,2, in accordance with the methodology discussed in Section 3. 

The following hydraulic system CER was calculated: 


C 


11 


- 91W 


11 


q-0,0896 


A 94 percent learning curve was assumed. 



Table 5,2 


HYDRAULIC SYSTEM 
COSTS AND CONFIDENCE VALUES 


Component X of Coat per 

Major Component or Subassembly System Weight Pound Confidence Value 


Hydraulic Pumps 

17 X 

$100-200 

9 

Reservoirs * Accumulators* 
Filters* Regulators* 
Valves and Manifolds 

18 

75-125 

5 

Plumbing 

27 

20- 60 

6 

Fluid 

26 

0.68 

8 

Supports and Miscellaneous 

12 

25- 75 

3 


100 X 

$ 39- 82 

6. 


(avg* $60/pound) 
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The CER is presented in Figure 5.15. This figure represents the 
cumulative average cost for 100 units in 1977 dollars and includes only 
in-house production and subcontractor costs as discussed in Section 3. 

Jl ^. rce ^ v ^ Validity of Hydraulic System CER 

A confidence value of 6.5 ia developed in Table 5.2 for the hydraulic 
system CER. in accordance with the methodology indicated in Section 3. Com- 
ponent or major assembly confidence values for plumbing, fluid and supports 
and miscellaneous are the same as for their flight control system equivalents 
which were discussed above. A relatively high confidence value (9) was 
assigned to hydraulic pumps because of the detailed discussion provided by a 
subcontractor. On the other hand, the aggregated cost per pound estimate 
for reservoirs, accumulators, filters, regulators, valves and manifolds was 
assigned a relatively low confidence value (5) because it was based on 
assumptions regarding analogies and detailed information was not available. 


Emersln^ Technologies 

Power-by-wire, which was discussed briefly with the flight control 
system, would affect the cost of the hydraulic system. Since hydraulic 
system components would be colocated with the hydraulic flight control 
actuators, plumbing would be eliminated, even though additional pumps would 

be required. This implies a significantly increased hydraulic system cost 
per pound. 
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ELECTRICAL SYSTEM 


— 8CUSfilon Electrical S y stem Coat Data and CER Development 

Very detailed cost data were obtained and reported for transport air- 
craft electical system components* ^ The subcontractors who provided 
these data were contacted and questioned regarding their applicability to 
helicopters* They indicated at the electrical system major components 
and subassemblies for transport aircraft were identical to those for heli- 
copters, with the following key exceptions: 


• Since helicopter drives operate at a constant speed, constant 
speed drives (CSDs) are not required* This results in a sig- 
nificant cost savings* 

• Helicopters use less sophisticated electrical controls than do 
transport aircraft; these items, therefore, cost only about two- 
thirds as much. 


By applying these considerations to the detailed transport aircraft 

/n 

electrical system cost data r 1 a total CAC^q for helicopter electrical 
systems of about $74 per pound was estimated* The following electrical 
system CER was calculated: 


'13 


I«U U Q 


-0.0896 


A 94 percent learning curve was assumed* A cost of about $86 per pound was 
estimated for an all DC helicopter* Thus, an upward adjustment of the CER 
would probably be appropriate if an all DC system was contemplated. 


The CER for a typical AC/DC electrical system is presented in Figure 
5.16* Tliis figure represents the cumulative average cost of 100 units in 
1977 dollars and includes only in-house production and subcontractor costs, 
as discussed in Section 3. 


Perceived Validity of Electrical System CER 

Because good data were acquired for transport aircraft electrical 

( 2 ) 

systems and because the differences between them and their helicopter 











counterparts were thoroughly understood, the confidence values assigned to 
transport aircraft electrical systems were used for helicopter electrical 
systems after modifications to reflect the design differences mentioned 
above. A confidence value of 8 was the result. 



f 
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FURNISHINGS AND EQUIPMENT SYSTEM 




In developing furnishings and equipment CERs for transport aircraft^ ^ 
it was necessary to contact many subcontractors in order to represent the 
wide range of items included in this system adequately. Once these diverse, 
cost data were collected, It was necessary to aggregate these items into 
categories with other similar, related items. The relative mix of these 
categories in the complete system caused the estimated cost per pound of 
the total system to vary by nearly 20 percent from small to wide body trans- 
port aircraft ($40 to $57 per pound). 


A careful analysis of detail weight statements for furnishings and 
equipment included on five diverse military helicopters indicated that sub- 
categories similar to those developed for transport aircraft could be estab- 
lished. Further, there was no reason to believe that the cost data used to 
develop CERs for transport aircraft furnishings and equipment would not be 
appropriate for application to their helicopter counterparts. Thu 3 , the 
CACfoo cost per pound for helicopter furnishings and equipment systems is 
developed in Table 5.3, in accordance with the methodology discussed in 
Section 3. The following furnishings and equipment CER was calculated: 


69W 15 Q 


-0.0896 


A 94 percent learning curve was assumed. 


It is cautioned that, because of the unavailability of detail weight 
breakdowns for commercial helicopters, this CER represents the mix of com- 
ponents found on military helicopters only. Although it is expected that 
the same furnishings and equipment categories would be found on commercial 
helicopters, it is probable that their mix would be different and another 
(probably higher) CER should be developed and used for them. 


The CER is presented in Figure 5,17. This figure represents the 
cumulative average cost of 100 units in 1977 dollars and includes only 
in-house production and subcontractor costs, as discussed in Section 3. 
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Table 5.3 



FURNISHINGS AND EQUIPMENT SYSTEM 
COSTS AND CONFIDENCE VALUES 


Component Z of Cost Per 

Mai or Component or Subassembly System Weight Pound Confidence Value 


Seats and Chairs 

56 Z 

$ 30- 36 

8 

Instruments Panel, Console 
Glare Shield, Wipers 

11 

42- 91 

2 

Insulation 

15 

28- 60 

3 

Fire Detection 

2 

150 

3 

Oxygen 

2 

51 

8 

Cargo Handling 

5 

60- 80 

2 

Other Emergency Equipment 

9 

42- 91 

2 


100 Z 

$ 36- 55 

5.7 


(8Vg. $46/pound) 
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P erceived- Validity of Furnishi n gs and Equipment System CER 

A confidence value of 5.7 ia developed in Table 5.3 for the furnishings 
and equipment CER, in accordance «UI, the methodology discussed in Section 3. 
Although the confidence values assigned to most of the individual components 
or major subassemblies were quite low (2 or 3), the overall confidence value 
is considerably higher because of the good cost data available for seating 
and the high proportion of siting (56 percent) in the system. It is again 
noted that both the CER and the confidence value are applicable to furnish- 
ings and equipment systems for military helicopters and that these could 
change significantly when applied to commercial helicopters. 
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LOAD AND HANDLING SYSTEM 



Discussion of Load and Handling System Cost Data and CER Development 

The load and handling system represents an insignificant cost in the 
production of a helicopter (less than one percent). As it is such a minor 
item, no independent research was devoted to this system. Because of its 
similarity to and location in the body, it was assumed to have the same 
cost per pound as the body. 

The CER is: 

w 1R 

c ie--^ c 4 

Perceived Validity of Load and Handling CER 

Because no cost data were collected for this system and but mi nimal 
analysis was performed f a very low confidence value (1) was assigned to 
the load and handling system CER t in accordance with the criteria in 
Table 3*3, 
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IN-HOUSE ASSEMBLY 



* 

l 

I 


I 


la-house assembly includes ail labor bv the helicopter manufacturer 
required to Integrate major components and subassemblies Into 4 finished 
helicopter* The following cost element* are included: major and minor 

assembly, installation and checkout, and quality control* A description 
of all recurring production cost elements i» included in Appendix A* 

While some of this cost could be attributed to individual systems, 
tho proportion would undoubtedly vary significantly among them. For 
example, the in-houue assembly associated with the body would be much 
greater than for the auxiliary power system, which could simply be bolted 
into place. Also, much of this cost is at tho total helicopter level and 
could not reasonably be allocated to the individual systems* It la there- 
fore presented as a separate CER. 

Discussion of In-Housc A&se mbly Cost Data and (Uv Development 

Data were not available for in-house assembly costs per se and, as a 
result, they wore estimated based on total Airframe cost data which were 
available.' 2 ' It was assumed that the total specified cast represented: 

• All in-house production and subcontractor costa except those 
associated with government furnished equipment (wheels, breaks 
and tires, bare engines, instruments and avionics equipment); 

• All in-house assembly costs; 

• Profit was not included* 

Fourteen helicopter raodcls were identified for which both detailed 
weight and cost data were available* Problems with some of the cost data 
(such as the inclusion of non-recurring costs) reduced this sample to nine, 
which represented helicopters with MEW* from about 2,000 to over 20,000 
pounds* The following methodology was followed in estimating in-house 
p rod ije t i on costs: 

• Rolling assembly, bare engine, instrument and avionics weights 
were on i 1 1 ed t v e n t he data* 
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• The system level CER# were applied to all remaining actual weight*,* 

• The calculated airframe unit weight* frequently disagreed slightly 

i "M 

(aay, *5 percent) with those Indicated in tha source. ** Thus, 
the cost waa prorated and adjusted accordingly. For example. If 
the total coat estimate was based on a total weight of 950 pounds 
and the comparable reported weight was 1,000 pounds, the estimate 
was adjusted upward by 5 percent. 

• The source oat data were adjusted to CACjqq In $FT77 for compara- 
bility. 

e The actual total cost was divided by the estimated cost to determine 
i % factor for itwhoua* assembly • 

The two tandem helicopters Included In the sample were observed to 
have significantly higher ln-house assembly costa than the others.*** In- 
house assembly Is, therefore, estimated to represent 46 percent of total 
recurring production cost for those Items which comprise airframe unit weight 
for single helicopters and 64 percent for tandems at 100 units. In-house 
assembly was shown to represent about .13 percent of the recurring production 
cost on transport aircraft. Thus, helicopters are shown to be somewhat more 
expensive to assembly on a per pound basis than are transport aircraft, which 
Is not surprising, considering their relatively light weight and comparable 

complexity* 


* It is, of course, possible that errors could occur here, btlll, the con- 
fidence levels Indicated for these CEKn was such that It was assumed that 
any error resulting Horn them for a particular helicopter would be small 
and randomly positive or negative. 

** When source weights varied by production lot. an average weight was used. 

*** U Is quite possible that the significantly higher In-house «Hs«H»bly fac- 
tor calculated for tandem helicopters is in fact a proxy tor ct ie« factor* 
Including, for example, more complex designs or technology higher coats^ 
experienced for a factor of production, or even a less ell l« ■ ‘ . , 

Pa t a were not available which would enable such a determination to be «d< 
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The following CERs were developed for in-house assembly. A* indicated, 
they are a function of all items typically provided by the manufacturer. 
Attempts were made to include all systems in the equation, however, the 
cost variance for engines, instruments and avionics was too great to enable 
this to be done. The learning curve slope included in the in-house assembly 

equation is relatively steep because of the large portion of hand labor 
involved. 


^quat ion 


*18 1 

' 19 * 5.325 £ C-EC <r 0 * 3959 

b-i j J J 

18 : 

'19 " l0 * 7? 5 E C - EC q”°* 39 59 

Li-1 1 j J J 


Notes 


Single: J - {SC, 7A, 10,14} 

Tandem: j - {5C,7A, ID, u| 


>’ of In-House Assembly CER 

Confidence values of 8 and 6 arc assigned to the in-house assembly 
CLRs for single and tandem helicopters, respectively, as more data were 

available for single helicopters and the standard deviation for them was 
relatively smail (±15 percent). 
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APPENDIX A 

DESCRIPTION OF RECURRING PRODUCTION COST ELEMENTS* 

includes an labor and raw material related to 
t e production of major components and subassemblies by the helicopter 
manufacturer. It Includes the following cost elements which are described 

fabrication, sustaining engineering and sustaining tooling labor, 

. and raw material. 

1 performs operations in the manufacturing of 

detailed parts from raw material and includes cutting, molding, 
forming, stamping, stretching, machining, heat treating, anodiring, 

plating, etching, and debarring. It also includes shop coordination, 
ns well as material expediting. 

labor includes technical staff support, 
customer engineering and product development engineering labor. 

labor is expended for the modification and 
repair of Jigs, dies, fixtures, molds, patterns, and other manu- 
facturing aiCs. 

— Includes all raw material, such as sheets, bars, and 
tubes, as well as eastings, forgings, and extrusions. 

includes all major components and subassemblies which 
are not produced by the helicopter manufacturer. Two cost elements are 
included, outside production and purchased equipment. 

i^ncyon typically includes major subcontracted items, 
such as the alighting gear. 

typically includes flight controls, hydraulics 
(pumps, manifolds, reservoirs, filters, plumbing, valves), electrical 
(generators, battery, wire, power distribution and control equipment, 
and lighting), ,,ir conditioning (environmental control systems, valves, 
controls) , anti-icing (ducts, electrical), auxiliary power unit, 

Hu. terminology and grouping of elements vary for different manufacturers. 
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furnishings and equipment, instruments (flight and navigation 
systems) and avionics (communication, flight and navigation). 

IN-HOUSE ASSEMBLY includes all labor provided by the helicopter manu- 
facturer which is required in order to integrate major components and sub- 
assemblies into a finished helicopter* The following cost elements are 
included: quality control, minor assembly and major assembly* 

5 ua 1 y c octroi labor is concerned primarily with inspection of 
production and tooling hardware, and with preparation and veri- 
fication of testa and associated paperwork. Inspection of sub- 
contractor supplied items, both in plant and out of plant, is 
considered to be an overhead cost. 

ff* nor assembly labor includes those operations which contribute to 
the manufacturing of an end item consisting of two or more fabricated 
part9 and/or the joining of two or more assembled parts into a major 
component. This may be accomplished by welding, riveting, soldering, 
bolting or other fastening methods. 

assembly labor is broken into three subcategories: 

Sectional assembly labor includes the effort which produces 
assemblies which are manufactured and controlled to a unique 
configuration for a specific helicopter. It includes both 
"non-posieion" and "fixed position" stages of the airframe con- 
struction. The "non-position" operations can be set up in any 
factory location where space is available and usually result in 
subassemblies which will be used in the "fixed positions." The 
"fixed positions" in the factory area can result in a completed 
structural subsection or a whole section. 

2* Installation and checkout labor operations are performed in 

installing non-structural equipment and systems in an air vehicle 
or a section of an air vehicle. Operational and air-worthiness 
checks of both equipment and airframe structure are also included 
as is the installation and checkout of all electronics, avionics, 
electrical systems and wiring. 
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3* Miscellaneous labor consists of operations ouch as netal bond 
testing, cleaning, sealing, and painting. 


I 
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appendix b 

SUMMARY OF SYSTEMS DESCRIPTIONS 


1. WING SYSTEM 

Helicopters Welly do „„ t utilise .mg.. although oome „ r . recent 

° ‘ —U -mg .tub, to Improve aerodynamic chat.cter- 

‘ r '7°"’' " Ui “ ry U " llke 1,16 ” 1 ”* s wing alrer.lt. 

cop or . ngs generally Include only a simple boa structure and do not 

°T y “*•<=•■• Therefore, th-y do not have to accomodate 

or \ 77 llydr ““ llc ltc “ or fuel »y«te«a. They may serve as fairings 

or wheel wells for retracting landing gear. 

2. ROTOR SYSTEM 

The rotor system consists of the blade assembly and the hub and hinge 

7 Ihe bUde “ S “* bl >’ the Interspace structure, leading 

an trailing edges, tip, (if not Integral,, balance .eights, and mounting 
ha duare and blade foldings. The hub and hinge aasembly Includes the yohe. 
universal joints, shafting betueen the rotor system and the drive box 
spacer, and bushings, lubrication system, fittings. plns . drag „ „ t e„- 

tlon strap assembly, and fasteners and miscellaneous hardware. 

3. TAIL SYSTEM 

A tall system may „ ot be preS( ,„c on all helicopters, since tandem 

*“ " 0t " eCeSSarll >' « “‘T- The usual tail system Includes 

” surfaces and the mounts for the tail rotor. The heli- 

copter tail Is a simple structure similar to the wing structure In that 

control surfaces are not usually incorporated. The tall rotor and the main 
rotor are defined similarly. 


4. BODY SYSTEM 


The body system consists 
window frames, doors, windows. 


of the fuselage shell structure, door and 
floors, bulkheads, cockpit windshield, and 
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radorne. Door actuation mechanisms, airstairs (when installed) and loading 
ramps are also Included. 

5. ALIGHT INC GEAR SYSTEM 

Helicopters have two general types of alighting gears. Smaller heli- 
copters (under about 3,000 pounds MEW) usually have skids which are fixed 
runners and which support the airframe on landing. Larger helicopters 
generally have fixed wheel-type alighting gears to enable them to be towed 
on the ground and to take off non-vertically. This system includes landing 
gear structure, which is made up of struts, side and drag braces, trunnions 
and attachment fittings. The alighting gear controls include components 
for braking, steering and retraction (on a few newer models). They also 
include lines from the cockpit controls to the landing gears. The rolling 
assembly includes wheels, brakes and tires. 

6. NACELLE SYSTEM 

The nacelle system includes the engine mount, firewall and cowl struc- 
ture, engine air inlet, oil cooler scoop and miscellaneous installation hard- 
ware. 

7. PROPULSION SYSTEM 

Ihe propulsion system includes three main subsystems: the powerplant, 

•he drive, and the fuel system. The powerplant subsystem includes the dry 
engine, residual fluids and installation hardware as well as related com- 
ponents: starter, air inductor, exhaust and cooling items, lubrication 

•systems and the engine controls. The drive subsystem includes the gear 
speed reducers, transmission drive, rotor brake and shaft, and lube system. 
The fuel subsystem includes the fuel fill and drain system, fuel distribu- 
tion system, fuel vent plumbing and fuel tanks. 


L 
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FLIGHT CONTROLS SYSTEM 


The helicopter flight controls system includes: cabin controls (cyclic 

control column, collective pitch lever, end rudder or tall rotor pedal); 
mechanical op.ratlng »*chnnl.m <a».,h plate, .utilizing bar, linkage., 'bear- 
ing. and levera, bellcranka); hydraulic control.; fluid; .„d ml.cellaneou. 
hardware. 


9. AUXILIARY POWER SYSTEM 

The auxiliary power system supplies all power for ground operations 
in lieu of ground support equipment. These operations include: cabin 

ground air conditioning, engine starting, and driving a generator for 
electric power. 

10. INSTRUMENTS SYSTEM 

Instruments perform basic monitoring and warning functions associated 
with the flight of the helicopter: electrical, hydraulic and pneumatic 

systems operation, engine operation and fuel quantity. The instruments 
system includes cockpit indicators and warning lights, transducers, signal 
Inputs, circuitry, and the monitoring devices. 

11. HYDRAULIC SYSTEM 

The hydraulic system on helicopters is required primarily to provide 
hydraulic power to the hydraulic flight controls. In a few cases, hydraulic 
power is also used for landing gear retraction and to power cargo handling 
accessories. The hydraulic system includes: pumps, reservoirs, accumulators, 

filters, regulators, valves, manifolds, plumbing, fluid, and supports and 
mounting hardware. 

12. PNEUMATIC SYSTEM 

Curiously, non e of the helicopter weight statements examined indicated 
the existence of a pneumatic system. Thus, the following description is for 
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fixed wing aircraft but should be applicable to helicopter designs which 
ght incorporate a pneumatic system. 

The pneumatic system Include. , u hc . t archangels <irf du 

-—iced an from each of the main e„ 8 i„ea from the „ u . 

°Z power unit <APU>. the pneumatic system provide, comprea.ed air for 
.bln pressurization, air condltlo„l„ 8 and ventilation, engine starting 
CC P ” Ve " ti0n “ d burblne*driven supplementary or emergency hydraulic power. 

13. ELECTRICAL SYSTEM 

The electrical system supplies power to a variety of helicopter 

:r —• u*,.. a.io„i„. 

system. ^ ^ d °° rS ’ C3r8 ° h ° iSt ’ and envl ™nmental control 

svste Th “ ' 1 > eCtrlCal Sy ““ ““‘•f »£ the *0 power system, the DC power 
•y« e, and the lighting system. The AC system Include, power genera lag 

th * ° c — — ~ 

th include the necessary controls, wiring, cables, fitting, and supports 
power Z2 ° el ' C " 1Cal fr “ th8 P °”« ~~ - tf electrical 

with th? ? h u“” 8 3ySt “ l0ClUd<!S “ U 1 " terl ° r “ d -tenet lights, together 

i::::::;:::::::- “ ed - - — ~~ ~ 

various^ “ irl " 8 “” d CirC “ itry laad1 ” 8 ft “ — -.ter to the 

sy.tels, “ " ““ e^etttltlty ere Included with the respective 


*4. avionics system 

j .. ‘* vlonic ‘ J system is separated into four subsystems. They are 
described in the following paragraphs. 
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Integrated Flight Guidance and Controls Subsystem 


The integrated flight guidance and controls subsystem includes the 
autopilot unit, the flight director unit, the gyrocompass unit, the attitude 
and heading reference unit, and the inertial navigation unit. These units 
are interdependent and may be either separate, interconnected units or one, 
integrated functional unit. All indicators, servomechanisms, and associated 
circuitry, supports and attachments related to the integrated flight guid- 
ance and controls subsystem are also included. Although usually colocated 
with this subsystem, the auto-throttle/ thrust management unit is part of the 
propulsion system because it functions to control the engine. 

Communication Subsystem 

The communication subsystem is separated into internal and external 
units. The internal communication unit includes the interphone system, the 
public address system, and the multiplex (MUX) system. The external com- 
munication unit includes the transceiver equipment which is used for air- 
crai t-to-aircraf t or aircraft-to-ground communications. 

Navigation Subsystem 

The navigation subsystem includes all radar equipment, the automatic 
direction finding (ADF) unit, the distance measuring equipment (DME) unit, 
the doppler unit, the navigation computer units, the station-keeping unit, 
the tactical air navigation (TACAN) unit, the variable omnirange (VOR) 
unit, the marker beacon unit, the instrument landing system (ILS), the col- 
lision avoidance unit (CAS), the airport traffic control (ATC) unit, the 
radio altimeter unit, the glide slope indicator, and the radar beacon unit. 
All of the navigation units, indicators, antennae, associated circuitry 
and antenna coaxial cable, and the units' supports and attachements related 
to the navigrtion subsystem are included. 


Miscellaneous Equipment Subsystem 

The miscellaneous equipment subsystem includes the flight, voice and 
crash recorder unit, the aircraft integrated data (AID) /malfunction detection 
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analysis and recording (MADAR) unit, the weight and balance unit (if in- 
stalled), and the equipment rack structure and mounting hardware and cir- 
cuitry. 

15. FURNISHINGS AND EQUIPMENT SYSTEM 

Furnishings and equipment include a variety of items in the cockpit 
and the passenger and/or cargo compartment. In the cockpit, this category 
includes all instrument and console panels, seats, insulation, lining, crew 
oxygen system, and cockpit door and partitions. 

In the passenger and/or cargo compartment, this category includes 
seats, floor covering, insulation, side panels, ceiling structure, hatrack 
or baggage containers, and passenger comfort items such as galley or lav- 
atory installations. 

Miscellaneous items include the engine and cabin fire extinguisher 
systems, fire warning system, exterior finish, and emergency equipment 

(i.e., first aid kit and fire ax). Cargo loading equipment is also a part 
of this system. 

16. AIR CONDITIONING SYSTEM 

The air conditioning system, in addition to supplying conditioned air 
to the cabin, heats the cargo compartment and supplies conditioned air for 
avionic and electrical load center cooling. 

17. ANTI-ICING SYSTEM 

Anti-icing functions can be performed either by hot bleed air or by 
electrical heat. Bleed air systems include all ducting from the main pneu- 
matic source and inner skins, which form the hot air cavities. Electrical 
systems Include the electrical blankets fastened to the outer surfaces of 
critical items, plus all wiring and controls. 




18. LOAD AND HANDLING SYSTEM 

The load and handling system consists of .loading and handling gear, 
including provisions for jacking, hoisting and mooring, and ballast. 


: 
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